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SUMMARY 
1. Carbondale R e s e r v o i r , the munic ipal 
water supply r e s e r v o i r a t Carbondale , I l l inois , 
was buil t in 1926. The lake has a d ra inage a r e a 
of 3. 1 square m i l e s ; or ig ina l r e s e r v o i r sur face 
a r e a was 144 a c r e s and volume was 1386 a c r e -
feet. 
2. The 1948 sedimenta t ion su rvey of the 
r e s e r v o i r shows a capaci ty lo s s of 0.63 per cent 
pe r y e a r . In 22. 1 y e a r s the lake has lost 13. 9 
pe r cent of or ig ina l capaci ty . 
3. Ser ious drawdowns have o c c u r r e d on this 
r e s e r v o i r in s e v e r a l y e a r s s ince cons t ruc t ion . 
During the droughts of 1930 and 1940, the r e s -
e r v o i r was empt ied by the city pumpage and 
wate r sho r t ages w e r e exper ienced . 
4. During the wa te r shor tage of 1940 a 4-
mi le pipeline was laid to Crab O r c h a r d Lake , a 
l a rge government-owned r e s e r v o i r nea rby . The 
government al lows the city to pump from Crab 
O r c h a r d Lake during e m e r g e n c i e s . The city 
pays 2 cents pe r 1000 gallons for th is r aw wa te r . 
5. In 1949 the city consumption amounted 
to 109 gallons pe r capita pe r day. 
6. P r e s e n t ci ty pumpage is 1.4 mil l ion ga l -
lons pe r day. If Carbondale continues to grow 
as other comparab le Ill inois c i t ies have in the 
pas t , the population s e rved by the wate r s y s t e m 
will r each 17,000 by 1970. Total pumpage at 
that date will then average n e a r l y 2 mil l ion ga l -
lons per day. 
7. A deficiency in rainfal l of 10 inches or 
m o r e from the ave rage in any year will probably 
r e su l t in a water shor tage at Carbondale . Such 
deficiencies in 1940, 194i , and 1942 n e c e s s i t a t e d 
the use of water f rom Crab Orcha rd Lake . Shor t -
ages of inc reas ing seve r i t y can be expected in 
future y e a r s . 
8. The deficiency of supply at Carbondale 
is not p r i m a r i l y due to loss of r e s e r v o i r capa-
city to sediment but r a t h e r to inadequate tota l 
s to rage to mee t the inc reas ing wate r needs of 
the city. 
9. Chemical ana lyses of s amp le s of the r e s -
e r v o i r sediment show lower values of organic 
carbon and n i t rogen than found in o ther r e s e r -
vo i r s of the s ta te . This and other evidence sug-
gest that much of the fine clay and collodial m a -
t e r i a l en ter ing the lake is pa s sed on through the 
lake over the spi l lway. 
10. The densi ty of the sediment depos i t s 
v a r i e s f rom 39. 7 to 85. 5 pounds per cubic foot. 
11. The lake sed iment physical and c h e m i -
ca l composi t ion is ve ry s i m i l a r to tha t of the 
p redominan t surface so i l s of the wa te r shed . 
12. Soils of the Ava si l t loam group occupy 
73. 3 pe r cent of the wa te r shed a r e a . These 
so i l s a r e genera l ly ve ry slowly p e r m e a b l e and 
highly e ro s ive when cult ivated. 
13. Of the to ta l wa te r shed a r e a , 63 . 1 p e r 
cent has a slope exceeding 7 per cent and 44. 3 
p e r cent of the a r e a has a slope exceeding 12 pe r 
cent . 
14. Only 31 .3 per cent of the w a t e r s h e d 
a r e a i s c lass i f ied in land capabil i ty c l a s s e s I , 
II, and III, which a r e cons idered safe for con-
t inuous cult ivation. Of th i s percentage 14.5 p e r 
cent is in c l a s s III which can be cul t ivated only 
with intensive conserva t ion p r ac t i c e s to reduce 
so i l l o s s e s . 
15. Of the p r e s e n t land cropped, 31 .9 p e r 
cent is located on land c lass i f ied as VI and VII, 
which is not r ecommended for any cult ivat ion. 
16. E ros ion c lass i f ied as "severe" and "very 
s e v e r e " is occur r ing on 46. 7 pe r cent of the 
w a t e r s h e d a r e a , while 1. 3 pe r cent of the a r e a 
is cons ide red "des t royed land. " 
17. To reduce soi l l o s se s in the w a t e r s h e d , 
ma jo r changes in land use a r e needed; 250 a c r e s 
of p r e s e n t cropland should be r e t i r ed , while 170 
a c r e s of p r e sen t idle land could be cul t ivated 
with some conservat ion m e a s u r e s . 
18. Under p r e s e n t management , the soi l 
l o s s f rom the wa te r shed is approx imate ly 21,242 
tons pe r yea r . This loss could be reduced to 
1, 750 tons per year if the land were f a r m e d in 
acco rdance with i ts capabi l i t i es . Soil t r e a t m e n t , 
p a s t u r e r e seed ing , contour fa rming , t e r r a c i n g , 
changes in cropping p r a c t i c e , and other m e a s u r e s 
a r e r ecommended to br ing about this reduc t ion . 
19. The Jackson County Soil Conserva t ion 
D i s t r i c t was organized in 1944 by the f a r m e r s of 
the county, to p romote the application of so i l 
conserva t ion p r a c t i c e s to the lands of the county. 
20. The expected indus t r i a l development of 
the Crab Orcha rd Lake a r e a will cause i n c r e a s e d 
i ndus t r i a l pumpage f rom Crab O r c h a r d Lake . 
The dependence of the City of Carbondale on th i s 
lake for supply during the c r i t i c a l drought p e r i o d s 
V 
could l ikely put the city in competi t ion with in-
d u s t r y for the wate r in the lake. 
2 1 . The wa te r supply of the en t i re region 
is c lose ly r e l a t ed . A wa te r supply sufficient to 
m e e t the inc reas ing needs of the City of Carbon-
dale independent of Crab O r c h a r d Lake is needed 
to al low for the r easonab ly expected economic 
development of the e n t i r e region. 
22. A new r e s e r v o i r couldbe built on Indian 
C r e e k to s to re 2690 a c r e - f e e t , or on Sycamore 
Creek to s to re 3160 a c r e - f e e t . 
23 . The p r e s e n t Carbondale R e s e r v o i r , a l -
though inadequate , is wor th p r e s e r v i n g . I t will 
p robably continue to be the major source of sup-
ply in conjunction with any other supply decided 
upon. Fo r this r e a s o n , a wa te r shed pro tec t ion 
p r o g r a m is suggested. Such a p r o g r a m should 
a l so be included in plans for future r e s e r v o i r s . 
24. Conservat ion m e a s u r e s needed to r e -
duce soi l l o s s e s on th is wa t e r shed a re profi table 
to the individual f a r m e r s by inc reas ing income. 
25. Based on 1945 c o s t s , it would cost 
$22.63 per a c r e to e s t ab l i sh the needed c o n s e r -
vation p r o g r a m on the Carbondale R e s e r v o i r 
wa te r shed . Four y e a r s of i n c r e a s e d income 
that would r e s u l t f rom applicat ion of a c o n s e r -
vation p r o g r a m would repay this complete cost 
plus i n t e r e s t . In addit ion, the capi tal r e s o u r c e s 
of the f a r m would be built up. 
26. It is r e c o m m e n d e d tha t the City of C a r -
bondale make p rov i s ions now for an adequate 
munic ipa l water supply independent of Crab 
O r c h a r d Lake , in o r d e r that the indus t r i a l and 
economic development of the ci ty and region can 
p roceed without h i n d r a n c e . 
27. It is r e c o m m e n d e d that the City of C a r -
bondale i m m e d i a t e l y sponsor the development of 
a soil and wate r conse rva t ion p r o g r a m on the 
Carbondale R e s e r v o i r wa t e r shed in o rde r to p r o -
long the u l t imate life of th i s r e s e r v o i r and the 
length of t ime it can be used as pa r t of the public 
supply. This p r o g r a m should be c a r r i e d out in 
cooperat ion with the Jackson County Soil Con-
serva t ion D i s t r i c t , other a g r i c u l t u r a l agenc i e s , 
and in accordance with the foregoing r e p o r t . 
28. It is r e c o m m e n d e d tha t the City of C a r -
bondale pu rchase the wa t e r shed a r e a s which a r e 
c r i t i c a l to e r o s i o n control , o r e lse a s s u m e the 
major f inancial r e spons ib i l i t y in the appl icat ion 
of the needed conserva t ion m e a s u r e s to these 
a r e a s . In the l a t t e r ca se , f inancial a s s i s t a n c e 
to p r e s e n t l andowners would be contingent upon 
the l andowners ' a g r e e m e n t to mainta in such con-
serva t ion m e a s u r e s . 
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INTRODUCTION 
OBJECTIVES OF STATE-WIDE PROGRAM 
Prec ip i ta t ion gives us our surface water 
suppl ies , in that a por t ion of it finds i ts way to 
the lakes and s t r e a m s . Since s t r e a m s s o m e -
t i m e s d ry up or have a low flow due to lack of 
p rec ip i t a t ion , man has cons t ruc ted impounding 
r e s e r v o i r s , the purpose being the "equal izat ion 
of water supply by s to r ing the la rge flows of wet 
s eason for r e l e a s e dur ing pe r iods of drought and 
low run-off. " 
Need for Data 
To date the re a r e some 500 lakes and r e s e r -
vo i r s in the State of I l l inois and a study of the 
State has been made 2 which shows that the re 
s t i l l r ema in 600 s i tes where sui table r e s e r v o i r s 
can be buil t economical ly to furnish a supply of 
wa te r for var ious p u r p o s e s . 
Many of the p r e s e n t impounding r e s e r v o i r s 
in I l l inois have been des igned and buil t in the pas t 
30 y e a r s . In the des ign of r e s e r v o i r s , " eng i -
n e e r s usual ly se lec ted the m o s t favorable s i tes 
for these r e s e r v o i r s cons ider ing such fac tors 
as d i s tance from the city, dam foundation con-
d i t ions , water yield f rom the wa te r shed , peak 
1. Brown, C. B . , The Control of R e s e r v o i r 
Sil t ing, Misce l laneous Publ icat ion No. 521, U. S. 
Depar tmen t of Agr icu l tu re , p. 2. 
2. P r e l i m i n a r y Data on Surface Water , 
I l l inois State Water Survey Bullet in No. 3 1 , 157 
pp. , Urbana, I l l inois , 1937. 
rates of run-off, population t r e n d s , cost of s t o r -
age furnished,"3 and quanti ty of supply r equ i red . 
In the design of a r e s e r v o i r to be used as a 
source of supply for munic ipal use , an al lowance 
of r e s e r v e s to rage space is usual ly provided for 
i n c r e a s e d consumption due to population in -
c r e a s e , changes in r e q u i r e m e n t s of exis t ing in-
dus t r i a l u s e r s , and to m e e t the demands of prob-
able new indus t r i e s . "The sedimentat ion factor 
was not cons ide red because i t was not genera l ly 
recognized , or , if so, data on r a t e s of sed iment 
product ion n e c e s s a r y for design pu rposes were 
lacking. "3 
The e ros ion of lands has long been r e c o g -
nized and ce r t a in co r r ec t i ve m e a s u r e s have been 
taken to keep the soi l in p l ace . One example of 
th i s is the const ruct ion of the r ice paddy in China 
to keep both the fer t i le soi l and requ i red amounts 
of water where des i r ed . The menace of s ed i -
ment , although long recognized, has not been 
wel l unders tood. I t has been thought that e r o -
sion o c c u r r e d p r i m a r i l y on s teep lands ; however , 
r ecen t s tudies indicate that th is i s not n e c e s s a -
r i ly t r u e . In Il l inois a cons iderable amount of 
the sed iment that is found in s t r e a m s comes 
f rom shee t e ros ion of gently sloping lands used 
for product ion of in te r t i l l ed c rops . As m o r e 
land has become " improved" and used for g r a z -
ing, t i l l age , g r a s s , and cult ivat ion, m o r e e r o -
sion has taken p lace , and a g r e a t e r amount of 
3 . "The Silt P r o b l e m a t S p r i n g L a k e , 
Macomb, I l l inois ," Repor t of Investigation No. 4, 
1949. State Water Survey. 
2 
sed imen t has found i t s way to the s t r e a m s . Due 
to e ros ion the top soi l i s r emoved f rom the land; 
the lands become l e s s product ive and eventual ly 
become a lmos t w o r t h l e s s . Some of th i s sed i -
men t e n t e r s s t r e a m s on which wate r supply r e s -
e r v o i r s have been buil t to furnish a munic ipa l 
supply. If e ros ion of the land is g r ea t , the sed i -
men t load c a r r i e d by the s t r e a m is l a r g e . A 
por t ion of the sed imen t is deposi ted in the s t r e a m 
channel and impounding r e s e r v o i r s . As the 
r e s e r v o i r s become filled with the s ed imen t , the 
abi l i ty to s to re wa te r is reduced, and if the loss 
of capaci ty due to sedimenta t ion is high, the 
r e s e r v o i r may rap id ly approach u s e l e s s n e s s . 
An example of this is Spring Lake , a r e s e r v o i r 
which furn ishes the munic ipa l supply for Macomb, 
I l l inois . In the 20 y e a r s that Spring Lake was in 
ex is tence before a sed iment su rvey was made , 
the r e s e r v o i r had los t 47. 3% of i t s o r ig ina l ca-
paci ty due to sed imen t depos i t s . Since s to rage 
capaci ty i s d e c r e a s i n g and M a c o m b ' s wa te r de -
mand is i nc reas ing , by 1953 the r e s e r v o i r will 
be inadequate to furnish the needs in the event 
of a s e v e r e drought . 4 
Sediment not only r educes the capac i ty of a 
r e s e r v o i r , but concent ra t ions of tu rb id i ty in r e s -
e r v o i r s and r i v e r s make the wate r undes i rab le 
for use in indus t r i a l p r o c e s s e s . Turbid w a t e r s 
make for g r e a t e r expense in the f i l ter ing and 
t r e a t m e n t for va r ious uses . Survival of d e s i r -
able spec ies of game fish is affected, and navi -
gation in s t r e a m s i s r e t a rded , r equ i r ing ex -
pensive dredging opera t ions to keep the s t r e a m 
channels open. 
I l l inois P r o g r a m 
Because of the s e r i o u s n e s s of e r o s i o n and 
the subsequent r ap id r e s e r v o i r sedimenta t ion 
toge ther with the lack of sui table quanti ta t ive 
data re la t ive to the p rob lem, the I l l inois State 
Water Survey, the I l l inois Agr i cu l t u r a l E x p e r i -
men t Station and the Soil Conserva t ion Serv ice 
in 1936 joined in a coopera t ive study in an effort 
to col lect the d e s i r e d data. I t was d e s i r e d to 
determine the effects of different w a t e r s h e d and 
c l imat ic fac tors on the ra te of sed iment p roduc -
tion and the r a t e of sed imenta t ion of r e s e r v o i r s . 
The sedimenta t ion s u r v e y of Carbondale r e s e r -
voir was made under this p r o g r a m . 
At p r e s e n t , sedimenta t ion data a r e ava i l a -
ble on 33 Il l inois r e s e r v o i r s . Detai led su rveys 
of 14 r e s e r v o i r s have been m a d e , and four of 
these have been r e s u r v e y e d , after an e lapsed 
per iod of 10 y e a r s or m o r e , to d e t e r m i n e the 
change in r a t e of sed imenta t ion where th is oc-
c u r s . Reconna i s sance su rveys of 8 addi t ional 
r e s e r v o i r s have been m a d e , the purpose of which 
is to obtain with a m i n i m u m of field effort, a 
m a x i m u m of data on r a t e s of sed iment p roduc -
4. "The Silt P r o b l e m at Spring L a k e . " 
op. cit . 
t ion and r a t e s of e ro s ion . Misce l laneous data 
have been col lec ted f rom five o the r s by o b s e r v a -
t ion ra ther than by the approved su rvey me thods . 
P r e l i m i n a r y c r o s s - sec t ions have been e s t a b -
l i shed on five new s ta te - owned conserva t ion 
l akes in I l l inois . Future su rveys of these e s t a b -
l i shed c r o s s - s e c t i o n s will furnish data as to the 
amount of sed iment that has been deposi ted on 
the floor of the r e s e r v o i r dur ing the e l apsed 
pe r iod of t i m e . 
Or ienta t ion 
The southern t w o - t h i r d s of the State depends 
p r i m a r i l y on su r face w a t e r for supply, w h e r e a s 
the n o r t h e r n one - th i rd is gene ra l ly dependent on 
g round-wa te r s o u r c e s . In the " su r f ace wa te r 
r e s o u r c e s " a r e a 110 communi t i e s a r e not ade -
quate ly se rved by a public wa te r supply. Ground 
wa te r in this a r e a is gene ra l ly not adequate for 
munic ipa l supp l i e s . The re fo re any future wa te r 
supply deve lopments would n o r m a l l y include the 
cons t ruc t ion of impounding r e s e r v o i r s . 
In classifying a r e a s for s tudy, the phys io -
g raph ic divisions and boundar i e s of so i l s of the 
State were cons ide red . This m a k e s i t poss ib le 
to c o m p a r e r e s u l t s of da ta col lec ted under many 
vary ing condit ions of so i l s and physiography 
within the State . 
R e s e r v o i r s i t e s m u s t be cons ide red a s na tu -
r a l r e s o u r c e s and everyth ing should be done to 
p r e v e n t t h e waste of t he se s i t e s due to high r a t e s 
of s i l ta t ion. It is d e s i r a b l e to e s t ab l i sh infor-
ma t ion on a l l f a c to r s tha t affect sed imenta t ion . 
T h e r e is definitely a need for a m o r e complete 
unders tanding of the sed imenta t ion p rob l em by 
everyone concerned ; by the public who will auth-
o r i ze funds for the cons t ruc t ion of future r e s e r -
v o i r s , by the eng ineer who will be designing and 
building them, and by the f a r m e r who will profi t 
by having his top soi l r e t a ined on the land. 
Need for This Repor t 
This su rvey and r e p o r t of the Carbondale 
r e s e r v o i r a r e a p a r t of the state-wide p r o g r a m . 
This r e s e r v o i r is r e p r e s e n t a t i v e of one having a 
s m a l l wa te r shed and a high Capaci ty-Watershed 
r a t i o . The land i s l i gh t - co lo red , upland t i m b e r 
soi l tha t i s s lowly p e r m e a b l e . P r i m a r i l y , th is 
r e p o r t is made to inves t iga te the effects of s i l t -
ing on the adequacy of the Carbondale r e s e r v o i r 
as a source for the munic ipa l wa te r supply. 
Inasmuch as the State Water Survey had 
been collect ing and compil ing data on Carbondale 
Rese rvo i r r e la t ive to p rec ip i t a t ion , run-off, d i s -
c h a r g e , s t o r age , and pumpage since 1930, i t 
s e e m e d advantageous to complete the s tudy by 
obtaining data r e l a t ive to the r a t e of s ed imen-
ta t ion in the r e s e r v o i r . The ci ty officials of 
Carbondale were r ecep t ive to th i s p r o g r a m and 
a g r e e d t o render any a s s i s t a n c e that was deemed 
n e c e s s a r y . 
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SCOPE OF INVESTIGATIONS 
Lake Survey 
A detai led sedimenta t ion su rvey of the r e s -
e r v o i r was made from June 18-20, and July 12-
16, 1947. Soundings were r echecked September 
2 - 3 , 1948. The work was c a r r i e d out by a field 
p a r t y of the State Water Survey Division, the 
Soil Conservat ion Serv ice , and the City of C a r -
bondale. The water depths and sediment th ick-
n e s s e s in the r e s e r v o i r w e r e m e a s u r e d along 
fifteen si l t r a n g e s . The s u r v e y de t e rmined the 
or ig ina l capaci ty of the r e s e r v o i r , the p r e s e n t 
capaci ty, and consequently, the volume of s ed i -
men t in the r e s e r v o i r . The surface a r e a was 
m e a s u r e d by mapping the p r e s e n t shore l ine . I t 
was decided that the or iginal and p r e s e n t s h o r e -
l ines w e r e the s a m e . In c a r r y i n g out the su rvey 
a pe rmanen t mark ing s y s t e m was ins ta l led so 
that in the future, re su rveys may be made to 
m e a s u r e the sed iment accumula t ion a t tha t t i m e . 
An ana lys i s of the pas t t r end in wa te r con-
sumption as well a s poss ib le future wa te r r e -
q u i r e m e n t s of the City of Carbondale has been 
made by the State Water Survey. It is shown in 
th is r e p o r t that the or ig ina l capaci ty of the r e s -
e r v o i r was inadequate to furn ish the wate r r e -
qu i red by the ci ty in case of a s e v e r e drought . 
Wate r shed Survey 
F a c t o r s affecting the r a t e of sedimenta t ion 
of r e s e r v o i r s include s ize of dra inage a r e a , t o -
pography, soi l types , s lopes and land use . The 
re la t ive impor tance of these f ac to r s m u s t be ex-
amined in o rde r to develop r e s e r v o i r des ign data . 
In addition, the source of sed iment m u s t be d e -
t e r m i n e d if an effective s i l t cont ro l p r o g r a m is 
to be developed. As a p a r t of th is s tudy, the 
Soil Conservat ion Service has made a c o n s e r v a -
tion su rvey of the soi ls of the Carbondale R e s -
e r v o i r and a s tudy of land u s e . The c o n s e r v a -
tion survey cons is ted of field mapping of soi l 
g roups , s lopes , degree of e ros ion and p r e s e n t 
land use on a e r i a l photographs having a sca le of 
4 inches to one mi l e . 
Sediment Samples 
During the cou r se of the survey a s e r i e s of 
13 sed iment s amp le s was taken f rom va r ious 
p a r t s of the r e s e r v o i r by m e a n s of a spec ia l 
s a m p l e r . Chemica l and phys ica l ana lyses of 
these samples have been made by the I l l inois 
Agr icu l tu ra l Expe r imen t Station. An ana lys i s 
of the t ex tu re , colloidal content, volume, weight, 
and plant food const i tuents of the sed iment was 
made to l ea rn , i f poss ib le , the wa te r shed s o u r c e s 
of the sediment deposi ted in the r e s e r v o i r . 
In te rp re ta t ion of Resu l t s 
The final in t e rp re ta t ion of the si l t ing p r o b -
l em at Lake Carbondale has been made on the 
b a s i s of the complete r e s e r v o i r and wa te r shed 
data by the t h r e e cooperat ing agenc ies . Resu l t s 
a r e p r e sen t ed so as to be mos t helpful to r e s e r -
voir owners . Although the ra te of s to rage d e -
pletion of the r e s e r v o i r is not g r e a t , r e m e d i a l 
m e a s u r e s to reduce th is r a t e by the appl icat ion 
of a complete wa te r shed protec t ive p r o g r a m a r e 
d i scussed . Inasmuch as the capaci ty of the p r e s -
ent r e s e r v o i r has a l r eady been proven inadequate 
in y e a r s of s e v e r e drought , two addit ional r e s -
e r v o i r s i t e s and other r e m e d i a l m e a s u r e s a r e 
d i scussed . 
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during two weeks spent with the survey par ty at 
the beginning of the s u m m e r ' s work in 1947 and 
reviewed the p r e s e n t r e p o r t . 
Mr . B. B. Cla rk , State Conserva t ion i s t , 
coopera ted by author iz ing the conservat ion s u r -
vey of this w a t e r s h e d by Soil Conservat ion Serv-
ice pe r sonne l and coopera ted with the authors in 
the compila t ion of th is r epo r t . The field work 
of the wa t e r shed su rvey was c a r r i e d out by Mr . 
George Walker , Soil Scient is t , dur ing 1947 under 
the superv i s ion of M r . A. A. Klingebiel , State 
Soil Sc ient i s t . 
In the conduct of the a g r i c u l t u r a l phases of 
this study Mr . S. R. Golden, D i s t r i c t Conse rva -
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and Mr . Cha r l e s T. Hufford, Work Unit Con-
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s e a r c h Economics of Soil Conservat ion , Soil 
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Expe r imen t Station coopera t ing , c a r r i e d out the 
study of land use and conserva t ion h i s to ry of the 
wa te r shed . This study entai led both field v i s i t s 
and study of public r e c o r d s and the i r i n t e r p r e -
tat ion. Dr . Sauer a l so p r e p a r e d the data in this 
r e p o r t concerning the cos t s and benefits of con-
serva t ion . 
Soil Conserva t ion D i s t r i c t s 
The Jackson County Soil Conserva t ion Di s -
t r i c t has coopera ted by author iz ing the use of 
pe r sonne l a s s i g n e d to the D i s t r i c t for c a r r y i n g 
out the conse rva t ion su rvey of this wa te r shed . 
The I l l inois State Soil Conservat ion D i s t r i c t s 
Board coopera ted in this study by financing the 
l abo ra to ry work in making the sed iment ana lys i s . 
This work was c a r r i e d out in the l a b o r a t o r i e s 
of the I l l inois Agr i cu l tu ra l E x p e r i m e n t Station. 
I l l inois A g r i c u l t u r a l Exper imen t Station 
Samples of the sediment in the lake were 
p r o c u r e d by the f ield par ty . Under the s u p e r -
vision of E. E. DeTurk , P r o f e s s o r of Soil F e r -
t i l i ty, t hese s a m p l e s were analyzed in deta i l in 
the l abo ra to ry of the Agr icu l tu ra l E x p e r i m e n t 
Station. The in t e rp re t a t i on of these ana ly se s 
and the i r c o m p a r i s o n to wa te r shed soi ls has been 
c a r r i e d out by S. W. Mels ted , Assoc ia te P r o -
fe s so r of Soil Ana lys i s . Mr . Mels ted a l so com-
piled the sect ion of the r e p o r t i n t e rp re t ing the 
analy t ica l r e s u l t s . 
P r o f e s s o r R. C. Hay, Agr icu l tu ra l Engi -
nee r ing D e p a r t m e n t , with the a s s i s t a n c e of A. A. 
Klingebiel , Soil Conserva t ion Se rv ice , compi led 
the wa t e r shed sec t ion of th i s r e p o r t , including 
the r e c o m m e n d e d wa te r shed conserva t ion p r o -
g r a m . 
RESERVOIR 
GENERAL INFORMATION 
Dam 
The dam has a to ta l length of approximate ly 
2800 feet and is located in the N.W. 1/4 of Sec-
tion 33, T. 9S. , R. 1 W. The dam extends ap-
p rox ima te ly 1400 feet e a s t f rom the N.W. co rne r 
of Section 33, and thence sou theas tward approx i -
ma te ly another 1400 feet, as shown in F igure 2. 
The top of the dam is at e levat ion approximate ly 
442 feet above mean sea level and is 12 feet in 
width. The dam is ea r then cons t ruc t ion with a 
3 to 1 slope on the u p s t r e a m face and a 2 to 1 
slope on the downs t r eam face. Design specif i -
cat ions indicated a puddled clay core a min imum 
of 6 feet in width extending to hardpan . A bel t 
of broken rock r i p r a p was placed on the u p s t r e a m 
face of the dam to p ro t ec t it f rom e ros ion . 
Spillway 
The spi l lway is located at the e x t r e m e south-
eas t end of the dam. The c r e s t is 100 feet in 
width and has an elevat ion of 437. 03 feet. The 
de ta i l s of the spi l lway c r e s t as well as the out-
let channel below the spi l lway a r e shown in F i g -
ure 3. 
R e s e r v o i r 
The r e s e r v o i r i s located approx imate ly two 
m i l e s south of Carbondale City Hal l in Sect ions 
33 and 32 of Township 9 S., Range 1 W. The r e s -
e r v o i r is fo rmed on P i l e s F o r k which flows thence 
no r thward four m i l e s to empty into Crab O r c h a r d 
Creek jus t n o r t h e a s t of the City. C rab O r c h a r d 
Creek flows n o r t h w a r d , emptying into the Big 
Muddy R i v e r in the eas t cen t r a l pa r t of Jackson 
County. The lake was cons t ruc ted in 1926; thus 
at the date of the 1948 su rvey it had been in ex-
is tence about 22 y e a r s . F o r th is per iod i t has 
been the p r i m a r y source of r aw wate r supply for 
the City of Carbondale as d i s c u s s e d l a t e r in th is 
r epo r t . Water flows through a 16-inch cas t i ron 
pipe f rom the intake tower at the dam to the city 
f i l ter plant in Carbondale as shown in F i g u r e 2. 
In addit ion to furnishing the public wa te r 
supply, the lake is used for r e c r e a t i o n . P a r k 
fac i l i t ies have been provided by the city and ex -
tend along m o s t of the no r the rn sho re of the lake. 
The lake is gene ra l ly oval in shape , being 
approx ima te ly 4500 feet long and varying in width 
from 1000 to 1400 feet. T h e r e is one m a j o r side 
a r m on the south . The or ig ina l depth of wa te r 
a t the dam above the va l ley floor was a p p r o x i -
mate ly 20 feet . The p r e - r e s e r v o i r c r e e k chan-
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Figure 1. Carbondale a r e a location map . F igu re 2 . Carbondale r e s e r v o i r location m a p . 
ne l was inc i sed into the flood plain about five 
feet , making the tota l or ig inal water depth in the 
c r e e k channel or iginal ly about 25 feet. 
Wate r shed 
The wa te r shed is oval in shape and is drained 
by two main b ranches of P i l e s F o r k as showr 
in F igure 2. The wa te r shed extends genera l ly 
south and west of the r e s e r v o i r with i ts highest 
point and elevation approximate ly 600 feet above 
mean sea level . The two main b r a n c h e s of the 
s t r e a m flow genera l ly nor th and unite n e a r the 
head of the r e s e r v o i r . 
METHODS OF SURVEY 
The or iginal and p r e sen t s to rage capaci t ies 
and sil t volumes of the r e s e r v o i r were de te r -
mined by the range method of su rvey developed 
by the Soil Conservat ion Service a n d d e s c r i b e d in 
the i r Bulletin No. 524, "Silt ing of R e s e r v o i r s . " 5 
5. Eakin , H. M. , Silting of R e s e r v o i r s , 
U. S. Depar tment of Agr icul ture Technica l Bul-
letin No. 524, r ev i sea by C. B. Brown, 168 pp. , 
i l lus t ra ted , Washington, D. C. , U. S. Govern-
ment Pr in t ing Office 1939. 
Range System 
A base l ine 830 feet in length was laid out 
a longthe no r thwes t - sou thea s t port ion of the dam 
fill. F r o m this a t r iangula t ion network cons i s t -
ing of 10 s tat ions was expanded. This network 
s e rved as control for mapp ing the en t i r e s h o r e -
line and for the e s t ab l i shment of the si l t r a n g e s . 
The shore l ine mapping was done with a p lane -
table and t e l e scop ic al idade to a scale of 1 inch 
to 200 feet. After mapping the shore l ine a s y s -
t em of 15 si l t r anges was es tab l i shed as shown 
in F igu re 4. 
F igure 3. R e s e r v o i r spillway and 
outlet channel . 
Figure 4. Base map of Carbondale Reservoir. 
Figure 5. Use of the sounding pole in measuring sediment. 
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M e a s u r e m e n t of Silt 
Along each si l t range at i n t e rva l s of 25 feet 
the water depth and si l t th ickness were m e a s u r e d 
with a sounding pole. This cons i s t s of a 1 1/4 
inch d i ame te r ca l ib ra ted wooden pole const ructed 
in sect ions to give a to ta l length of 25 feet. This 
pole is shown in use in F igu re 5. The pole is 
lowered into the water until it s t r i k e s the top of 
the sil t deposi t and thus the p r e s e n t water depth 
is m e a s u r e d . The pole is then t h r u s t on down 
through the soft s i l t until i t s t r i ke s the ha rd soil 
of the or iginal r e se rvo i r bot tom. In th is manner 
the p r e sen t water depth and the sil t th ickness 
a r e m e a s u r e d . As the boat i s rowed a c r o s s the 
r ange , a c r o s s - s e c t i o n of water depth and sil t 
th ickness is obtained. A tota l of 437 s i l t m e a s -
u r e m e n t s were made on 15 ranges on the Ca r -
bondale R e s e r v o i r . 
Survey M a r k e r s 
All t r iangula t ion stat ion and range ends w e r e 
m a r k e d pe rmanen t ly in the field with concre te 
pos ts 4 1/2 inches square and 4 1/2 feet long. 
As shown in F i g u r e 6, these pos t s were se t into 
the ground with about 1 foot exposed. The pos t s 
were painted white and identification n u m b e r s 
were painted on in black. This p e r m a n e n t m a r k -
ing s y s t e m will be of value in the future when it 
becomes des i r ab l e to re loca te the p r e sen t s i l t 
r anges to make a r e s u r v e y of Carbondale R e s -
e rvo i r along these same ranges . 
P r i o r Surveys 
In the summer of 1930 the water level in the 
r e s e r v o i r dropped to a point approx imate ly 15 
feet below the spil lway c r e s t . (See F igu re 7. ) 
8Figure 6. Permanent survey marker. 
Figure 7. Exposed reservoi r bed during drought of 1930. 
The officials of the Il l inois Cen t ra l Ra i l road , 
one of the l a r g e s t indus t r i a l c o n s u m e r s at C a r -
bondale, became somewhat coccerned for fear 
that the r e s e r v o i r would not be able to supply 
t he i r complete needs . As a r e s u l t , the r a i l -
road sent a surveying pa r ty to the r e s e r v o i r to 
obtain enough data to make an e s t ima te of the 
quanti ty of water remain ing in the r e s e r v o i r as 
well as the complete s to rage capaci ty of the r e s -
e r v o i r . At that t ime a contour m a p of the d ry 
por t ion of the r e s e r v o i r bas in was m a d e . This 
showed the total capaci ty of the r e s e r v o i r to be 
392 mill ion gal lons . 
In the s u m m e r of 1941, the wate r level in 
the r e s e r v o i r r eached the stage 13.65 feet below 
spil lway c r e s t . At th i s t ime a su rvey pa r ty of 
the State Water Survey in cooperat ion with the 
Carbondale Wate rworks officials conducted a 
topographic su rvey of the d ry port ion of the r e s -
e r v o i r bed. The total capaci ty of the r e s e r v o i r 
at th is t ime was found to be 356 mil l ion gal lons . 
The compar i son of th is f igure to the volume found 
by the 1930 survey of 392 mil l ion gal lons shows 
a loss of capaci ty of 9.2%. This is a l o s s of a l -
mos t 1% pe r y e a r , which is comparab le to the 
data found in the c u r r e n t survey. The absolute 
volume of the r e s e r v o i r as found by these two 
contour su rveys was not bel ieved to be suffi-
ciently accura te for compar i son to the or ig ina l 
and p r e sen t volumes of the r e s e r v o i r as found 
by the cu r r en t su rvey . The annual l o s s e s of 
capaci ty of 0. 83 p e r cent and 0. 62 pe r cent a r e 
comparab le , however . I t is significant that these 
two values a r e of the same o rde r of magni tude . 
SEDIMENTATION IN THE RESERVOIR 
Summary of Data 
Table 1 is a s u m m a r y of the sed imenta t ion 
data obtained f rom th is survey of Carbondale 
R e s e r v o i r together with data de r ived t h e r e f r o m 
which a r e per t inent to the sedimenta t ion p r o b -
lem in th i s lake. Seve ra l of the significant find-
ings shown in this s u m m a r y a r e : 
1. At the p r e s e n t spillway c r e s t e l eva -
t ion, the 144-acre sur face a r e a of the r e s e r -
voir is the same as when the r e s e r v o i r was 
cons t ruc ted . 
2. The capaci ty of the r e s e r v o i r for wa-
t e r s to rage has been reduced f rom 1386 a c r e -
feet to 1193 a c r e - f e e t , or 13. 94 pe r cent . 
3. The sed iment accumula t ion in the lake 
r e p r e s e n t s an average annual ra te of sed imen t 
product ion of 215 cubic feet pe r a c r e f rom the 
wa te r shed . 
One of the outstanding facts to be noted f rom 
Table 1 is the re la t ionsh ip of the or ig ina l capa-
city of the r e s e r v o i r to the wa te r shed a r e a . The 
or iginal capaci ty - wa t e r shed ra t io (C/W rat io) 
was 462 a c r e - f e e t pe r square mi le for the C a r -
bondale R e s e r v o i r . In other w o r d s , the r e s e r -
voir was designed and cons t ruc ted to furn ish 462 
a c r e - f e e t of s torage space for eve ry squa re mi le 
of dra inage a r e a in the wa te r shed . Sed imenta -
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Table 1 
Summary of Sedimentation Data on 
Carbondale Reservoir 
Carbondale, Illinois 
Age 1 
1926-1948 22. 1 Years 
Watershed 
Total area2 3. 10 Square mi les 
1981. Acres 
Reservoir 
Area at spillway level 
1926 144. Acres 
1948 144. Acres 
Storage capacity at spillway level 
1926 1386. Acre-feet 
453. 2 Million gallons 
1948 1193: Acre-feet 
389. 9 Million gallons 
Capacity per square mile of drainage area2 
1926 462. Acre-feet 
1948 398. Acre- feet 
Sedimentation 
Total sediment 
1926-1948 193 Acre-feet 
Average annual accumulation 
From entire drainage area 
1926-1948 8 .8 Acre-feet 
Per square mile of drainage area3 
1926-1948 3 .05 Acre-feet 
Per acre of drainage area3 
1926-1948 208. Vol. cubic feet 
By weight4 
1926-1948 7 .68 Tons /acre 
Depletion of storage 
Loss of original capacity 
Per year 
1926-1948 0 .63 Per cent 
Total 
1926-1948 13.94 Per cent 
1. Storage began in August, 1926; date of survey, September, 1948. 
2. Including area of lake. 
3. Excluding area of lake. 
4. Based on 13 volume-weight samples taken in 1947; average density of sediment, 74. 0 pounds 
per cubic foot. 
Figure 8. Carbondale Reservoi r storage l o s s 
compared to other Illinois r e s e r v o i r s . 
Table 2 
Sedimentation of Carbondale Rese rvo i r Compared 
to Other Illinois Rese rvo i r s 
West Lake 
Carbondale Eldorado Carthage Frankfort Bracken, 
Reservoir Reservo ir Reservoir Reservoir Galesbure 
Watershed area 
Square mi les 3 .0 2 . 2 3 2 .94 4 .00 8 .91 
Original capacity 
Acre- feet 1386 844 406 1608 2881 
Million gallons 453 258 133 
Original Capacity-Watershed ratio 
Acre- feet / square mile 462 453 138 424 323 .4 
Age when surveyed 
Years 22 .1 2 9 . 0 2 3 . 4 22 .9 2 5 . 6 
Total loss of capacity 
Per cent 13.9 14.0 24 .1 7 .5 14.9 
Annual lo s s of capacity 
Acre- feet 8 .8 4 . 1 4 . 2 5 .3 16.8 
Million gallons 
Per cent 0 .63 0 .48 1.03 0 .33 0 .58 
Annual rate of sediment production 
Cubic fee t /acre 215. 148.8 99 102 132.6 
Tons /acre 7. 9 4. 98 2 .47 2. 5 3. 45 
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t ion s tudies in I l l inois and in o ther p a r t s of the 
country 6 have shown that the or ig ina l C/W r a t i o 
of a r e s e r v o i r is significant in de t e rmin ing the 
t r a p efficiency of a r e s e r v o i r . With a given unit 
r a t e of sed iment product ion a low capac i ty r e s -
e r v o i r on a l a rge wa te r shed a r e a will lose capa-
city much fas te r than a h igh-capac i ty r e s e r v o i r 
on a s m a l l w a t e r s h e d . 
It can be seen in Table 2 that the C/W r a t i o 
of Carbondale R e s e r v o i r c o m p a r e s v e r y favor -
ably with four o ther r e s e r v o i r s in the State tha t 
have been r ecen t ly surveyed. The annual l o s s 
of capac i ty in p e r cent is a l so in line with these 
s a m e r e s e r v o i r s . F i g u r e 8 shows a c o m p a r i -
son of the annual l o s s in capaci ty in p e r cent for 
t he se s a m e r e s e r v o i r s . 
Dis t r ibut ion of Sediment 
The g r e a t e s t l o s s of capaci ty of the r e s e r -
voi r is in the upper end beginning with range 023 -
022. F i g u r e 9 shows the c r o s s - s e c t i o n along 
th i s r ange with the r e l a t ive amounts of s i l t and 
w a t e r . The th ickes t s i l t depth m e a s u r e d was 
11 
Figure 9. Typical cross-sections, Carbondale Reservoir. 
Figure 10. Carbondale water consumption. 
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3.8 feet in the or ig ina l channel . At th is sec t ion 
t h e r e has been a loss of 2 1 . 8 % of the or ig ina l 
capaci ty . On range 025-024, the th ickes t s i l t 
depth was 4.6 feet and the capac i ty loss amounts 
to 29 .3% and on range 027-026 a m a x i m u m of 3.1 
feet of s i l t was m e a s u r e d , and the total capaci ty 
lo s s amoun t s to 22. 5%. The s to rage capaci ty 
of th i s por t ion of the r e s e r v o i r h a s been reduced 
by approx ima te ly 2 5 % . In the t r i b u t a r y begin-
ning with range 07-09 and going u p s t r e a m the 
g r e a t e s t s i l t depth m e a s u r e d was 3. 9 feet , and 
the s to rage capaci ty has been r e d u c e d b y app rox -
ima te ly 16%. In the ma in body of the r e s e r v o i r 
s t a r t i ng a t the dam and going u p s t r e a m to range 
021-020, the g r e a t e s t s i l t depth m e a s u r e d was 
5. 8 feet on range 02-01 in the old s t r e a m chan-
ne l , with an a v e r a g e of 2.0 feet of s i l t depos i ted 
a c r o s s the r a n g e . The s i l t depth d e c r e a s e d in 
going u p s t r e a m , the m a x i m u m m e a s u r e d on range 
020-021 was 3 .9 feet , with an ave rage of 1.3 
feet a c r o s s the r ange . The loss in s to rage capa-
city in th is por t ion of the r e s e r v o i r a v e r a g e s 
app rox ima te ly 12%. The t h r e e r a n g e s i n F i g u r e 
9 a r e typ ica l of the s i l t d i s t r ibu t ion in the r e s -
e r v o i r , and i t can be seen that the or ig ina l bo t -
tom has been covered r a t h e r uniformly. 
HISTORY OF THE CARBONDALE 
WATER SUPPLY 
P e r i o d 1897-1925 
A public wa te r supply was f i r s t ins ta l led at 
Carbondale about 1897 by p r iva te capi ta l . Water 
was obtained f rom two wel ls which were 416 feet 
and 200 feet deep r e spec t ive ly . By 1915, t h r e e 
addi t ional wel l s had been put into s e r v i c e . In 
1921 the m a x i m u m to ta l output f r o m a l l five wel ls 
was 120 gal lons p e r minute or 170, 000 gal lons 
p e r day. Wate r f rom th i s s y s t e m of we l l s was 
c h a r a c t e r i z e d by i t s v e r y high m i n e r a l content 
and m o d e r a t e h a r d n e s s . 
Because of the inadequacy of th i s wa te r sup-
ply to furn ish the e n t i r e needs of the growing 
city, a c i t i zens commi t t ee was formed about 
1922 to s tudy p lans for a b e t t e r supply. This 
c o m m i t t e e , cons is t ing of c i ty officials as wel l as 
r e p r e s e n t a t i v e s of civic c lubs and other i n t e r -
e s t ed c i t i zens , en l i s ted the aid of consult ing 
e n g i n e e r s , P . B. Wilson (Marion) and L. A. Day 
(St. Louis) in analyzing the p r o b l e m . 
After cons ide r ing va r ious p r o p o s a l s , includ-
ing s e v e r a l s i t e s for a sur face impounding r e s -
e r v o i r , i t was r e c o m m e n d e d that a r e s e r v o i r be 
cons t ruc ted on P i l e s F o r k about t h r e e m i l e s south 
and wes t of town. 
1925 to P r e s e n t 
In Sep tember 1925, cons t ruc t ion was begun 
on the p r e s e n t Carbondale r e s e r v o i r on P i l e s 
F o r k and on the f i l ter plant . The f i r s t wa te r 
was impounded in the lake in Apr i l 1926. At th i s 
t ime the d i s t r ibu t ion s y s t e m was a l s o p u r c h a s e d 
f rom the p r iva t e i n t e r e s t s . An independent wa te r 
c o m m i s s i o n was formed, which owned and o p e r -
a ted the public w a t e r supply until 1933, when the 
City of Carbondale under took the opera t ion of 
the en t i r e wa te r supply. Since 1933 the wate r 
supply h a s been opera ted under the ju r i sd ic t ion 
of the munic ipa l government . 
I n c r e a s e in Wate r Consumption 
F i l t e r plant r e c o r d s of the dai ly r a w wate r 
pumpage f rom the Carbondale R e s e r v o i r a r e 
ava i lab le s ince 1931. The y e a r l y a v e r a g e s of 
pumpage have been plotted in F i g u r e 10. In 
1931 the ave rage dai ly pumpage for the y e a r was 
686, 000 ga l lons ; by 1948 th i s had i n c r e a s e d to 
1 ,213,000 ga l lons . The future t r e n d in wa te r 
consumpt ion is dependent on many f a c t o r s , such 
as the r a t e of g rowth of population in the ci ty , 
the poss ib i l i ty of new indus t r i e s locat ing in the 
c i ty , the p r e s e n c e and poss ib le expans ion or r e -
duction of i ndus t ry in the city, the use of wa te r 
for new p u r p o s e s by p r e s e n t u s e r s , and the a v a i l -
abi l i ty of an adequate supply. The future demand 
wil l consequent ly be p red i c t ed m o s t a c c u r a t e l y 
on a b a s i s of full knowledge of t h e s e m a t t e r s . 
The ex t rapo la t ion shown in F i g u r e 10 is obtained 
by taking the m a x i m u m ave rage pumpage as 
shown for the y e a r 1949, and computing the dai ly 
p e r capi ta consumpt ion, which amoun t s to 108 
gpd/c . The populat ion i s t aken f r o m F i g u r e 11. 
The ex t r apo la t ed population line was d rawn to 
cor respond to the r a t e of i n c r e a s e tha t h a s taken 
p lace in the p a s t for each of the communi t i e s 
shown. Since the to ta l pumpage i n c r e a s e in 1949 
was about four t i m e s the i n c r e a s e in the p rev ious 
y e a r , and s ince t h e r e has been a g e n e r a l i n c r e a s e 
through the pa s t 10 y e a r s over that of the p r e c e d -
ing 10 y e a r s , i t might be r ight ly a s s u m e d that 
for the succeeding y e a r s t h e r e will be a s i m i l a r 
i n c r e a s e in to ta l annual pumpage . Th i s to ta l 
annual pumpage h a s been e s t ima t ed for the fu-
t u r e by using the e s t ima t ed population and the 
Figure 11. Carbondale population trend. 
p r e s e n t daily pe r capita consumption. The daily 
p e r capi ta consumption f rom 1948 to 1949 showed 
an i n c r e a s e f rom 92 to 109 ga l lons . This may 
be s l ight ly in e r r o r due to e r r o r s in es t ima t ing 
the population. Although the a s s u m e d value of 
110 gpd/capita used to p r e d i c t the annual pump-
age m a y be high, it is wel l to be on the safe side 
- in p red ic t ing r e q u i r e m e n t s for the future. Using 
the e s t i m a t e d population, the average pumpage 
should be 1,700,000 gal lons in I960, and 1,950,000 
gal lons in 1970. 
T h e r e does r e m a i n then the poss ib i l i ty of 
i nc r ea s ing pe r capita w a t e r consumption even 
above the 110 gpd. that has been a s sumed . This 
is an addi t ional factor which would tend to in-
c r e a s e the future water r e q u i r e m e n t s of the city. 
The future need as shown in F i g u r e 10 does not 
include any future i n c r e a s e in pe r capita con-
sumption, s ince per capi ta consumption in a 
communi ty is not n e c e s s a r i l y a function of the 
populat ion, but is dependent on the charac te r and 
r e q u i r e m e n t s of the wa te r u s e r s . 
RESERVOIR OPERATION AND NEED 
G e n e r a l 
The function of any water supply impounding 
r e s e r v o i r . i s to s to re run-off f rom the wa te r shed 
during pe r iods when the s t r e a m flow exceeds the 
consumption. The wate r thus s to red is avai lable 
for use dur ing d r y pe r iods when the flow of water 
in the s t r e a m is insufficient to furnish the u s e r s ' 
n e e d s . Consequent ly, to obtain the full value 
f rom a r e s e r v o i r , it should be located on a d r a i n -
age a r e a of sufficient s ize that the run-off coming 
into the r e s e r v o i r is l a rge enough to exceed the 
consumption plus the l o s s e s . The s torage volume 
of the r e s e r v o i r should be l a rge enough to fulfill 
a l l needs dur ing the d r i e s t season for which i t 
i s des igned. 
The bes t indication of the usefulness and the 
n e c e s s i t y for a w a t e r - s u p p l y r e s e r v o i r is the 
f luctuation of the water l eve l in the lake . E v e r y 
t ime the water level is drawn down in the r e s -
e r v o i r , demand is exceeding the inflow. This 
m e a n s t h e r e would be a w a t e r shor tage if the 
13 
lake w e r e not p r e s e n t . L ikewise , the bes t ind i -
cation of the impending inadequacy of a r e s e r -
voir is the o c c u r r e n c e of s e r i o u s drawdowns 
during d r y pe r iods when inflow is s m a l l and con-
sumpt ion i s l a r g e . Sediment depos i t s s tea l n e e d -
ed s t o r a g e space . This loss of wa te r s t o r age 
capaci ty c a u s e s inc reas ing ly heavy drawdowns 
during d r y p e r i o d s . 
In 1931, four y e a r s af ter the r e s e r v o i r was 
filled, the City of Carbondale was faced with a 
shor tage of wa te r . The low s tage of the r e s e r -
voir was due to the second lowest ave rage r a i n -
fall in the y e a r 1930 that had been r e c o r d e d in 
52 p rev ious y e a r s . R e c o r d s indicate that e v e r y 
10-15 y e a r s t h e ave rage ra infal l i s a p p r o x i m a t e -
ly 10-15 inches below the average of 40 inches . 
Each of these dry y e a r s has been p receded and 
succeeded by y e a r s of ave rage amounts of r a i n -
fall . 
In 1941 the city was imper i l ed again, and 
th is t i m e the s i tuat ion was even m o r e c r i t i c a l 
than in 1931. The to ta l p rec ip i ta t ion on the wa-
t e r s h e d for 1940 and 1941 was 32. 90 inches and 
34.13 inches r e spec t ive ly , both below the annual 
ave rage of 40 inches for the southern divis ion 
of the s t a t e . 
In 1931 M r . W. D. G e r b e r , Engineer of the 
State Wate r Survey, r e commended that the ci ty 
inves t iga te two poss ib le new r e s e r v o i r s i t e s , one 
on Indian C r e e k and a second on Cedar Creek , 
that could be used for a supp lementa ry supply. 
No act ion by the ci ty was taken. In 1941 the s tage 
of the r e s e r v o i r got so low that the city was un-
able to obtain any water for i t s u se . Co r r ec t i ve 
m e a s u r e s were taken for an addit ional supply. 
Expedient M e a s u r e s , 1941 
On June 7, a 6- inch pipeline was s t a r t ed to 
Thompson Lake . Salvaged pipe was used and was 
laid on top of the ground. Water from Thompson 
Lake supplemented that pumped f rom the ci ty 
r e s e r v o i r . On June 13, p e r m i s s i o n was ob-
tained to lay a pipeline to Crab O r c h a r d Lake for 
addi t ional supply if needed. Seventeen thousand 
feet of 12-inch and 14-inch cas t i ron pipe, cos t -
ing $ 3 5 , 0 0 0 , was pu rchased , and the laying of 
the line began August 1. Right -of-way cost $125 
per yea r and the cost of laying the pipe amounted 
to $6 , 970. The to ta l cost of th is pro jec t was 
approx ima te ly $50 ,000 . The 14-inch pipe was 
laid to a point one mi le wes t of the Crab O r c h a r d 
dam and the flow was by gravi ty . A pump was 
located h e r e and the wate r pumped through a 12-
inch pipe to the city f i l ter plant. The cost to the 
ci ty of the w a t e r pumped f rom C r a b O r c h a r d was 
two cen ts pe r thousand gal lons . After i n s t a l l a -
tion of the pipel ine , wa te r was pumped for 30 
days and a l s o for a week in December 1941. P e r -
mi s s ion was gran ted Carbondale to use w a t e r 
f rom C r a b O r c h a r d under the condition that th i s 
use be r e s t r i c t e d to pe r iods of necess i ty . It was 
again n e c e s s a r y to pump from Crab Orcha rd for 
a per iod of 10 days in F e b r u a r y 1942. 
Figure 12. Water level fluctuations, Carbondale Reservoi r . 
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Drawdown Data 
Monthly wa te r level m e a s u r e m e n t s based 
on the p e r m a n e n t spi l lway c r e s t a r e avai lable 
for Lake Carbondale f rom 1931 th rough 1932 and 
weekly t he r ea f t e r to the p r e s e n t t i m e . These 
l eve l s a r e shown in F i g u r e 12. Dur ing this t i m e 
the l a r g e s t drawdown o c c u r r e d in Sep tember 
1941, when the lake level was 15. 17 feet below 
the spi l lway c r e s t . S ta r t ing June 15, 1941, the 
ci ty supply was obtained f rom other s o u r c e s and 
pumping f rom the lake did not s t a r t again unti l 
November 1, 1941. The lake was comple te ly 
d ra ined in October and refi l l ing began after a 
r a i n on October 27. The lake leve l r o s e until a 
m a x i m u m level of 0. 07 foot above the spi l lway 
c r e s t level was r eached on May 6, 1942. It was 
e s t i m a t e d that l e s s than 5 mi l l ion gal lons were 
d i s c h a r g e d for th i s pe r iod . In 1943 the level 
was above spi l lway c r e s t twice and 83 mil l ion 
gal lons a r e e s t i m a t e d to have d i s cha rged over 
the spil lway. In Apr i l 1944, for two days , the 
leve l was - 0 . 0 1 feet above spi l lway c r e s t , and 
was down to 8. 69 feet below spi l lway c r e s t in 
D e c e m b e r 1944. In F e b r u a r y 1945, the level 
was 9. 89 feet below and went to a high of - 0 . 37 
on March 30. 
After each low point of the lake level which 
h a s been occu r r i ng e v e r y two y e a r s , t he r e has 
a lways been r a t h e r r ap id r e c o v e r y . F o r e x -
a m p l e , March 30, 1945, the level was up to 0.37 
foot above c r e s t ; Apr i l 13, 1948, i t was 0 .07 
foot above c r e s t . I t was again above c r e s t in 
J a n u a r y 1949 and then fell continuously to the 
low in Sep tember 1949. 
REMAINING USEFUL LIFE OF RESERVOIR 
The or ig ina l capaci ty of the lake at spil lway 
c r e s t was shown ea r l i e r in this r e p o r t to be 1386 
ac re - fee t . A shor tage of ra infa l l in any one y e a r 
g r e a t l y r e d u c e s the quant i ty of wa te r avai lable 
in the r e s e r v o i r . If the ra infal l is cons ide rab ly 
below the ave rage for two y e a r s running, as was 
the case in 1940-1941, the avai lable supply of 
the r e s e r v o i r will be definitely inadequate . In 
1941 the ave rage dai ly pumpage was 741,000 g a l -
lons ; in 1949 the e s t i m a t e was 1,361,000 gal lons 
pe r day, which is m o r e than an 80% i n c r e a s e in 
the daily r e q u i r e m e n t s . The re fo re , a def ic iency 
in ra infa l l of 10 or m o r e inches f rom the m e a n 
ave rage for one yea r will p robably r e s u l t in a 
shor tage of avai lable wa te r f rom 1950 on, even 
if the demand does not i n c r e a s e over that in 1949. 
M o r e o v e r , i t has been e s t ima ted that the da i ly 
consumption is going to i n c r e a s e due to the a n t i -
cipated population i n c r e a s e for the fu ture . Th i s 
then, in itself, will cause the p r e s e n t r e s e r v o i r 
to be inadequate as a dependable munic ipa l s u p -
ply for the fu ture . "The r a t i o of r e s e r v o i r s u r -
face a r e a and s t o r age capaci ty i s s ignif icant 
p a r t i c u l a r l y f rom the standpoint of evapora t ion . 
Carbondale r e s e r v o i r i s r a t h e r low in th i s r e -
spect and for th i s r e a s o n the l o s s e s f r o m e v a p o -
ra t ion a r e high, and with consumption high a l s o , 
the w a t e r level in the r e s e r v o i r i s r ead i ly low-
e r e d in t i m e s of low prec ip i ta t ion . "7 
The s to rage capaci ty of Lake Carbondale is 
being r educed by 0. 63 per cent pe r y e a r , which 
is not e x c e s s i v e . The pumpage in 1941 dur ing 
the w o r s t drought pe r iod in the p a s t c o m p l e t e -
ly empt ied the r e s e r v o i r . With the demand i n -
c r e a s i n g and s to rage capaci ty d e c r e a s i n g the 
s to rage will become m o r e inadequate at a future 
da te . 
Dur ing the drought of 1940-1941 the t o t a l 
p rec ip i t a t ion provided an ave rage dai ly inflow 
of 390, 000 gal lons in 1940, and 543, 000 ga l lons 
in 1941. 
In 1950 the capaci ty of the r e s e r v o i r is 
384, 300, 000 ga l lons . If it is a s s u m e d tha t an 
a v e r a g e m i n i m u m inflow of 142,400,000 ga l lons 
should again occur , the amount of wa te r a v a i l -
able for use in such a year would be 526,700,000 
ga l lons . In 1950 it is e s t ima t ed that the annual 
pumpage plus evapora t ion would amount to 637 , -
660, 000 gal lons . It can read i ly be s een tha t a 
7. G e r b e r , W. D. , Drought of 1930 and 
Surface Water Supplies in I l l inois . A m e r i c a n 
Water Works Associa t ion Jou rna l , Vol. 24, June 
1932. 
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shortage of 111,000,000 gallons would exist. 
After 1950, the capacity of the reservoir will 
continue to decrease, and the annual demand is 
expected to increase. It can also be anticipated 
that the reservoir will not be full at the begin-
. ning of a 12-month period since it is possible 
again to have a deficiency of precipitation for 
two consecutive years, such as occurred in 1940-
1941, which would cause a greater shortage than 
has just been discussed. In Figure 13 is shown 
the relationship between reservoir capacity and 
pumpage requirements for one-month, three-
month, six-month, and one-year periods. It can 
be seen that annual pumpage requirements at any 
time after 1940 can cause a shortage of supply 
and is not dependent on the loss of capacity of 
the present reservoir . The maximum 6-month 
requirements will be critical in 1967 as the ca-
pacity of the reservoir is decreased due to silta-
tion. One- and three-month pumpage require-
ments will not be affected by a loss in capacity 
of the reservoir for another 50 years. 
The period demands from Carbondale r e s -
ervoir as shown in Figure 13 do not include the 
evaporation factor. Figure 14 was prepared with 
the evaporation factor added to the anticipated 
demand. This shows that the reservoir capacity 
in 1950 will not be sufficient to supply the 6-
month demand and that by 1986 the reservoir 
capacity will be insufficient to meet the 3-month 
demand of pumpage plus evaporation. The de-
crease in reservoir capacity as shown is due to 
siltation. 
Although the Carbondale reservoir has been 
able to furnish an adequate supply, except for 
the period in 1941 which has been previously dis-
Figure 13. Reservoir capacity and 
pumpage requirements. 
cussed, there have been other years , namely 
1930 and 1945, when the reservoir level dropped 
considerably and caused temporary anxiety. 
It can be said then that the reservoir capa-
city never was sufficient to take care of adrought 
for two consecutive years . Again the years of 
1940-1941 are evidence of this. 
ECONOMIC LOSS FROM SEDIMENTATION 
Lake Carbondale is reported to have cost 
the taxpayers a total of $74,000 in 1933 when it 
was purchased from the private utility. Since 
this survey shows the original capacity of the 
reservoir to be 1386 acre-feet, it is seen that 
this storage thus cost originally $54 per acre -
foot. The present survey also shows that 8. 8 
acre-feet of storage capacity are being lost per 
year to sediment. At this rate, the loss amounts 
to $475 of the original investment lost per year. 
Replacement of this lost storage capacity 
as well as the building of additional facilities at 
present prices would be expensive. In 1926, 
when Lake Carbondale was constructed, the gen-
eral cost of such work was much less than at 
present. In 1933, at the time the lake was pur-
chased, general construction costs were even 
lower than in 1926. One of the most widely used 
indices of such construction cost is the Engi-
neering News-Record Construction Cost Index, 
which is computed monthly and considers cur-
rent prices of certain basic construction com-
modities such as cement, steel, labor, etc. In 
Figure 14. Reservoir capacity and expected 
total demand on the reservoir . 
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1926 the Const ruct ion Cost Index was 210 (based 
on the year 1913 = 100).8 By 1933 th i s index had 
fallen to 180, and in 1950 th is index had r i s en 
to 509. In cons idera t ion of th is i n c r e a s e in cost 
the 8. 8 a c r e - f e e t of Lake Carbondale s to rage 
capaci ty lost annually would cost $ 1, 330 to r e -
place at the p r e s e n t t i m e . Applying the same 
i n c r e a s e in cost f igures to the to ta l cos t of the 
r e s e r v o i r , the cost today to build a new r e s e r -
voir of the same capaci ty would be $209, 000. 
SEDIMENT CHARACTERISTICS 
Analyses Made 
Sediment s a m p l e s , taken from s e v e r a l r e p -
resen ta t ive locat ions within the r e s e r v o i r as 
shown in F igu re 4, we re analyzed to de te rmine 
some of the phys ica l and chemica l c h a r a c t e r -
i s t i c s of the sed iment . These de te rmina t ions 
included tota l organic carbon, to ta l n i t rogen , pH, 
avai lable phosphorus , avai lable po t a s s ium, and 
volume weight ana lys i s . On two s a m p l e s (No. 4 
and 13) base -exchange capaci ty and tota l ba se s 
were de t e rmined as well as pa r t i c l e s ize f r ac -
t ionat ions . The data a r e given in Tab les 3 and 
4. Where m o r e than one sample was taken in 
one location, s amp le s were des ignated A, B and 
C from top to bot tom. 
Chemica l C h a r a c t e r of the Sediment 
There is cons iderab le var ia t ion in the chem-
ical composit ion and volume weights of the sed-
iments within the r e s e r v o i r . In g e n e r a l , the 
sediment s amples taken from the nor th and wes t 
por t ions of the r e s e r v o i r ( samples No. 1, 2, 10, 
11, 12, 13) were hgiher in total o rganic carbon 
and total n i t rogen, but were lower in volume 
weight than were sediment s amp le s taken from 
the south and ea s t por t ion ( samples No. 3, 4, 6, 
7, 8, 9) of the r e s e r v o i r . An i nve r se r e l a t ion-
ship should genera l ly exis t between the total o r -
ganic carbon and the volume weight of the sed i -
ment s a m p l e s . This re la t ionsh ip is shown graph-
ical ly in F igu re 15, and sugges ts that the type 
of sed iments en ter ing the r e s e r v o i r from the 
west differs f rom those en ter ing f rom the eas t . 
The organic carbon and n i t rogen content of 
the sediment is h ighes t (1 . 1 pe r cent C, and 
0. 12 per cent N) in the main body of the r e s e r -
voir , e spec ia l ly n e a r e s t the dam. The lowest 
n i t rogen and carbon contents (0. 52 per cent C, 
and 0.044 per cent N) a r e found in the southeas t 
project ion of the r e s e r v o i r . In gene ra l , the o r -
ganic carbon and n i t rogen values a r e lower than 
that found in m o s t r e s e r v o i r s . These low va lues , 
along with the high sand content in sample No. 4, 
indicate that mos t of the fine clay and organic 
colloids a r e pass ing over the spi l lway. This is 
to be expected because of the ease with which the 
8. Engineer ing News-Record , March 29, 
1951, Vol. 146, No. 13, p. 121. McGraw Hill 
Publ ishing Company, New York, New York. 
colloid m a t e r i a l s , found in the e roding soils of 
th is a r e a , may be d i s p e r s e d . 
An ana lys i s of the avai lable e l e m e n t s in the 
sediment ind ica tes that t he r e a r e an e s t ima ted 
5,000 pounds of avai lable potash (K2O), 6,000 
pounds of avai lable phosphor ic acid ( P 2 O 5 ) , and 
24, 000 pounds of n i t rogen in the approx imate ly 
15, 000 tons of sed iment that have deposi ted an -
nually in the r e s e r v o i r . The potent ia l value of 
these n u t r i e n t s , in t e r m s of p r e s e n t f e r t i l i ze r 
p r i c e s , is in e x c e s s of $3 ,000 per y e a r . This , 
of cou r se , r e p r e s e n t s only the potent ia l value of 
the avai lable n u t r i e n t s , n i t rogen , phosphorus , 
and po tas s ium, r e t a ined in the r e s e r v o i r ; the 
actual value of the e roded m a t e r i a l s lost f rom 
the wa te r shed so i l s would be ve ry much higher . 
Phys ica l C h a r a c t e r of Sediment 
The densi ty of the sed iment differs with the 
location of the depos i t s in the r e s e r v o i r . In 
genera l , the h igher the volume weight, the c o a r s -
er is the na ture of the sed iment . Dens i t i es v a r y 
from a low of 0. 637 ( sample No. 1) n e a r e s t the 
dam to 1.37 (sample No. 8) in the sou theas t p r o -
jection of the r e s e r v o i r . This va r i a t ion would 
indicate a wide difference in the t ex tu re of the 
sediment within the r e s e r v o i r , and is subs tan-
t iated in pa r t by the mechan ica l an a ly s i s of s a m -
ple No. 4 with over 11 per cent sand, and l e s s 
than 18 pe r cent clay, while sample No. 13 con-
tained l e s s than 3 pe r cent sand and over 23 pe r 
cent clay. The fact that sample No. 4, which is 
located along range 07-08 , contains over 11 p e r 
cent sand indica tes that water movement within 
the r e s e r v o i r m u s t be quite rapid . 
S imi la r i ty of Sediment to Wa te r shed Soils 
The s i m i l a r i t y of s ed imen t s to wa te r shed 
soils is not too definite. P a r t i c l e s ize f rac t ion-
ations were not made on a sufficient number of 
sediment s amp le s to p e r m i t a de ta i led c o m p a r i -
son of the sed imen t s to the p r inc ipa l soil types 
of the wa te r shed . The m o s t ex tens ive soi l types 
of the wa t e r shed a r e the Ava s i l t l oam, e roded 
Ava, and Bluford si l t loam. The Ava silt loam 
and its e roded phase a r e probably the ma in source 
of sediment s ince they occupy the m o s t exten-
sive a r e a . However , i t is difficult to re la te the 
sediment in the r e s e r v o i r to any s ingle soil type 
because the p redominan t types a r e so s im i l a r 
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T a b l e 3 
P h y s i c a l Data on Carbonda le R e s e r v o i r 
4 0 7 - 0 8 " 1 . 2 7 1 1 . 5 9 4 3 . 2 4 2 7 . 8 0 4 . 5 9 1 2 . 8 0 
1 3 0 2 2 - 0 2 3 0 . 9 7 4 2 . 4 5 3 3 . 4 4 3 9 . 3 2 5 . 8 3 1 7 . 5 6 
T a b l e 4 
C h e m i c a l Data o n Carbondale R e s e r v o i r S e d i m e n t 
1A 0 1 - 0 2 0 . 1 1 8 1:10 0 . 6 3 7 6 . 4 1 300+ 164 
1B 0 1 - 0 2 0 . 0 7 0 0 . 6 8 3 0 . 9 5 5 5 . 8 4 300+ 117 
2A 0 5 - 0 6 0 . 1 1 7 1 .12 5 . 4 3 300+ 89 
2 B 0 5 - 0 6 0 . 0 8 9 0 . 8 4 5 . 5 6 300+ 134 
3 0 7 - 0 8 0 . 0 5 1 0 . 5 3 1 1 .30 5 . 8 0 185 89 
4 0 7 - 0 8 0 . 0 5 2 0 . 5 4 6 1 0 . 3 4 7 . 8 5 1 . 2 7 5 . 9 0 224 8 9 
5 0 7 - 0 9 0 . 0 9 0 0 . 8 2 8 1 .10 5 . 3 6 300+ 129 
6 0 1 1 - 0 1 0 0 . 0 5 7 0 . 6 2 0 1 .22 5 . 7 4 166 38 
7 0 1 1 - 0 1 0 0 . 0 6 9 0 . 7 2 5 5 . 7 0 260 83 
8 0 1 3 - 0 1 1 0 . 0 4 4 0 . 5 1 8 1 .37 5 . 0 0 101 63 
9 0 1 8 - 0 1 9 0 . 0 4 0 0 . 5 1 5 1 .36 5 . 5 1 80 120 
10A 0 1 8 - 0 1 9 0 . 0 8 9 0 . 9 0 0 4 . 6 4 292 110 
10B 0 1 8 - 0 1 9 0 . 0 5 5 0 . 6 2 0 1 . 4 0 6 . 5 8 216 110 
11A 0 2 4 - 0 2 5 0 . 0 9 9 0 . 9 6 6 1 . 1 7 5 . 5 7 300+ 126 
11B 0 2 4 - 0 2 5 0 . 1 0 3 1 . 0 3 1 .15 5 . 4 9 300+ 144 
11C 0 2 4 - 0 2 5 0 . 0 9 3 0 . 8 7 1 1 .21 5 . 3 0 300+ 134 
12A 0 2 6 - 0 2 7 0 . 0 7 9 0 . 7 7 6 1 .19 5 . 4 0 9 6 7 5 
12B 0 2 6 - 0 2 7 0 . 0 3 9 0 . 3 7 0 1 . 3 2 5 . 4 1 4 0 - 4 1 
12C 0 2 6 - 0 2 7 0 . 0 2 4 0 . 2 6 5 1 .47 5 . 6 3 4 0 - 1 6 
12D 0 2 6 - 0 2 7 0 . 0 3 0 0 . 3 1 5 1 . 4 4 4 . 7 0 7 2 1 6 
1 3 0 2 2 - 0 2 3 0 . 0 9 1 0 . 9 7 8 1 4 . 2 0 8 . 2 1 0 . 9 7 4 5 . 1 2 3 0 0 - 100 
Tab le 4a 
C h e m i c a l C o m p o s i t i o n o f W a t e r s h e d S o i l s 
Ava s i l t l o a m 5 . 7 6 . 6 1 1 . 4 
I m m a t u r e A v a - s i l t l o a m 5. 4 4. 9 9 . 0 
B lu ford s i l t l o a m 5. 4 4. 1 10 . 1 
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in their physical and chemical characterist ics. 
A comparison of the mechanical composition of 
the Ava silt loam and a Bluford silt loam taken 
in that general region is given in Table 4. It 
will be noted that both the pH and the base-
exchange analyses of these soils are very simi-
lar . This similarity in physical and chemical 
composition of the watershed soil types makes 
Figure 15. Volume-weight and organic carbon 
relation for Carbondale Reservoir sediments. 
it impossible to ascribe, on the basis of these 
analyses, the sediment accumulations in the r e s -
ervoir to erosion of a specific soil type within 
the watershed. 
Figure 16. Size distribution of sediment 
samples compared to watershed soils. 
WATERSHED 
PHYSIOGRAPHY 
The Carbondale Reservoir watershed con-
sists of 1,837 acres or 2.88 square miles within 
Carbondale and Makanda Townships of Jackson 
County. It is generally oval in shape and is 
drained by two main branches of Pikes Fork as 
shown in Figure 2. It extends generally south 
and west of the reservoir with its highest point 
approximately 600 feet above mean sea level in 
section 7, T. 10 S. , R. 1 W., 3rd PM. 
The watershed is located on the extreme 
north slope of the Shawnee Hills section of south-
ern Illinois' in the Interior Low Plateaus Prov-
ince. It consists of ridges maturely dissected 
by youthful valleys with remnants of flat upland 
locally preserved on narrow ridge cres ts modi-
fied by a moderately deep loess deposition. 
SOIL GROUPS AND LAND CAPABILITY 
Three main classes of soils occur in the 
watershed: light - colored, medium - textured, 
9. Leighton, Ekblaw, and Horberg. Physio-
graphic Division of Illinois, Report of Investiga-
tion No. 129. State Geological Survey, Urbana, 
Illinois. 
very slowly permeable soils which extend over 
85.8 per cent of the area; light-colored, medium-
textured, moderately permeable soils which ex-
tend over 3% of the area; bottom-land soils which 
extend over 11. 1 per cent of the area. In addi-
tion, light-colored, medium-textured very slowly 
permeable, poorly drained soil comprises . 1 
per cent of the area. The dominant soil group 
is the Ava silt loam, which occupies 73. 3 per 
cent of the entire area. These soils are gener-
ally very slowly permeable and highly erosive 
when cultivated. The watershed soil groups are 
tabulated in Table 5. 
The land capability classes on the watershed 
are classes II, III, IV, V, VI, and VII, as shown 
in Table 6. By this classification only one half 
the watershed is considered suitable for culti-
vation. About 31.2 per cent of the watershed is 
class II and III land, which is recommended for 
regular cropping rotations with supporting e ro -
sion control practices. The remaining one half 
of the land consists of classes V, VI, and VII, 
which are recommended for pasture and wood-
land only and are not recommended for any cul-
tivation. Figure 17 shows the general location 
and distribution of the various land classes in 
the watershed. For descriptions of these land 
classes, see Table 6. 
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Table 5 
Acreages and Percentages of Various Soil Groups 
in Carbondale Reservoir Watershed 
1. Light-colored, medium-textured, very slowly 
permeable so i l s : 
13 Bluford Blair si lt loam group 230 12. 5 
14 Ava silt loam group 1346 73. 3 
Total 1576 85 .8 
2. Light-colored, medium-textured, very slowly 
permeable, poorly drained so i l s : 
12 Wynoose silt loam group 2 0. 1 
3. Light-colored, medium-textured, moderately 
permeable so i l s : 
Clement silt loam group 55 3. 0 
4. Bottomland so i l s : 
Bonnie silt loam group 45 2. 4 
Belknap silt loam group  124                          6. 8 
Sharon silt loam group                                                                     35 1.9 
Total 204 11. 1 
Entire watershed 1837 100.0 
SLOPES 
Slopes influence the velocity of run-off and 
a lso the r a t e at which soi l e ros ion o c c u r s . In 
genera l , s lopes a r e s teep in th i s wate rshed . 
F r o m Table 7 it is shown that 63 . 1 p e r cent of 
the en t i re wa te r shed has s lopes 7 pe r cent or 
s t eepe r , 44. 3 per cent is 12 per cent or s t eeper 
and 4. 8 pe r cent is over 30 per cent . Only 7. 2 
pe r cent fal ls in the A slope group with 0 to 1 \/l 
per cent s lopes . 
PRESENT LAND USE 
Probab ly the m o s t impor tan t factor that af-
fects the ra te of sed iment product ion f rom a g r i -
cul tura l wa t e r sheds is land use. Five c l a s s e s of 
land use were mapped in the conserva t ion s u r -
vey. Cropland is a l l land on which c rops were 
grown at the t ime the su rvey was m a d e . I t in-
cludes land in row c r o p s , smal l g r a i n s , and hay. 
P a s t u r e land is land in pe renn ia l g r a s s e s , and 
woodland is land which is at l e a s t 40 per cent 
covered by the sp r ead of t r e e s . Miscel laneous 
land cons i s t s of land used for f a r m s t e a d s , roads , 
or other p u r p o s e s , while idle land cons i s t s of 
land not used for cult ivation or any purpose for 
economic r e t u r n . 
The d is t r ibut ion of land use on the w a t e r -
shed in each slope c l a s s is p r e sen t ed in-Table 7. 
P r e s e n t use of land for cult ivation does not fol-
low s lopes , as evidenced by the fact that the 
h ighes t pe rcen tage of cropland is in the 4 to 7 
pe r cent or C slope c l a s s and a h igher pe r cent 
of .the 18 to 30 p e r cent or F slope c l a s s is in 
cropland than the 0 to 1 l / 2 per cent or A slope 
c l a s s . However , in the use of land for pas tu re 
and woodland, the h ighes t per cent of pas tu re is 
found on the 12 to 18 per cent or E slope c l a s s 
and the highest p e r cent of land used for wood-
land is found on the 18-30 per cent or F slope 
c l a s s . 
Table 6 c o m p a r e s the p r e s e n t land use in 
re la t ion to the seven land capabil i ty c l a s s e s of 
the wa te r shed . Of the p r e sen t cropland, 68. 1 
per cent is in c l a s s e s II, III, and IV, but 31 .9 
per cent of the c ropland is on c l a s s Viand c l a s s 
VII, which is not r e commended for cult ivation. 
Much of the p r e s e n t pas tu re and woodland is 
found in the r e c o m m e n d e d c l a s s e s . Fi f ty-e ight 
and one- ten th per cent of the pa s tu r e and 87. 1 
per cent of the woodland a re in land capabil i ty 
c l a s s e s V, VI. and VII. 
T h r e e hundred e igh ty - th ree a c r e s , or 20. 8 
pe r 'cent, of the wa t e r shed a r e l i s ted as idle 
land. Much of th i s idle land has been in c r o p -
land in the pas t but is now eroded and depleted 
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Table 6 
Land Capability Compared with Existing Land Use at Time of Survey 
Carbondale Reservoir Watershed 
Class I Land 
Suitable for cultivation, requir-
ing no erosion control practices 
to maintain soil for general 
agricultural practices                ---       ---      ---     ---        2 0.5 --- --- --- ---   2 0.1 
Class II Land 
Good land that can be cultivated 
safely with easily applied 
practices 205 26.8 39 10.2 38 9.1 23 9.6 1 8.3 306 16.7 
Class III Land 
Moderately good land that can 
be cultivated safely with such 
intensive treatments as terrac-
ing or water management 170 21.7 20 5.2 70 16.7 ---  ---  7 58.3 267 14.5 
Class IV Land 
Best suited to hay or pasture, 
but can be cultivated occasion-
ally, usually not more than 
1 year in 6 154 19.6 112 29.2 65 15.6 8 3.3 2 16.7 341 18.6 
Class V Land 
Suited for grazing or forestry 
with slight or no limitations; 
needs only good management 5       ---          43 11.3 10 2.4 16 6.6        ---        ---           74 4.0 
Class VI Land 
Not recommended for culti-
vation; best suited for 
permanent pasture 159 20.3 71 18.5 137 32.9 95 39.4 2 16.7 464 25.3 
Class VII Land 
Not recommended for culti-
vation; suited for woodland 
or pasture with major r e s t r i c -
tions in use 91 11.6 98 25.6 95 22.8 99 41.1  --- --- 383 20.8 
Entire Watershed 784 100.0 383 100.0 417 100.0 241 100.0 12 100.0 1837 100.0 
Table 7 
Distribution of Land Use Classes in Each Slope Class 
Carbondale Reservoir Watershed 
A (0 - 1-1/2 per cent) 59 7.5 43 11.2 10 2.4 21 8.7 --- ---            133 7.2 
B (1 - 1/2-4 per cent) 151 19.3 40 10.5 40 9.6 18 7.5 1 8.3 250 13.6 
C (4 - 7 per cent) 208 26.5 20 5.2 60 14.4 - - -  ---         7 58.3 295 16.1 
D (7 - 12 per cent) 154 19.6 112 29.2 75 18.0 2 0.8 2 16.7 345 18.8 
E (12 - 18 per cent) 129 16.5 77 20.1 168 40.3 19 7.9 2 16.7 395 21.5 
F (18 - 30 per cent) 71 9.1 88 23.0 62 14.8 110 45.6 --- --- 331 18.0 
G (over 30 per cent) 12 1.5 3 0.8 2 0.-5 71 29.5 - - - --- 88 4.8 
Total 784 100.0 383 100.0 417 100.0 241 100.0 12 100.0 1837 100.0 
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of fer t i l i ty . Some of the idle land is l is ted as 
ve ry seve re ly eroded and des t royed land. There 
a r e 204 a c r e s of such land, compr i s ing 11 per 
cent of the wate rshed . 
The land use h i s to ry of Carbondale and 
Makanda Townships for the decade 1938-1947 is 
shown in Table 8. The percentage of t i l lable 
land in corn , soybeans , and cowpeas is nea r ly 
as g rea t as that in hay and pas tu re . In 1947, 
numerous s m a l l fields of corn were found planted 
in the wa te rways and along s t r e a m s pa ra l l e l to 
the channels . In 1946 the average f a rm in this 
a r e a cons is ted of 104 a c r e s , of which 57 p e r c e n t 
was cons idered t i l lable . Th i r ty - two per cent of 
this t i l lable land produced corn, soybeans , and 
cowpeas , 12 pe r cent s m a l l g r a in s , 34 per cent 
hay and p a s t u r e , and 22 pe r cent was idle land. 
Apparently only a s m a l l propor t ion of the 
wa t e r shed has rece ived soi l t r e a t m e n t such as 
l imes tone , phosphate, and potash. This lack of 
t r e a t m e n t means that m o s t of the hay and pas -
t u r e lands a r e low in product ivi ty and subject to 
e ros ion . It a l so accounts in pa r t for the high 
ac r eage of idle land on which crop fa i lures a r e 
common. 
EROSION 
Both sheet eros ion and gully e ros ion occur 
in the wa te r shed . In developing any type of wa te r -
shed t r e a t m e n t p r o g r a m for protect ion of a r e s -
e r v o i r agains t si l t ing, i t is of p r i m a r y impor -
tance to know the source of the sediment . 
The d is t r ibut ion of e ros ion groups in each 
land use c l a s s is given in Table 9. The follow-
ing e ros ion groups were mapped: 
0. No apparent e ros ion . To be used 
where the approximate or iginal depth of top-
soi l s t i l l r e m a i n s . (This i s not r e s t r i c t e d to 
level land). 
1. Slight to mode ra t e e ros ion . Over 
seven inches of or ig ina l topsoi l remain ing , 
no subsoi l exposed by plow. 
2 . Moderate ly s e v e r e e ro s ion . Occa-
sional to frequent exposure of subsoi l by plow, 
th ree to seven inches of topsoi l r emain ing . 
Small a r e a s o f " 1 " e ros ion and " 3 " e ros ion , 
too s m a l l to del ineate , may be to le ra ted . 
3. Severe e ros ion . E ros ion of the sub-
soil , l e s s than th ree inches of surface soil 
r emain ing . The tex ture and color of the soi l 
will be l a rge ly that of subsoil , because of the 
large p ropor t ion of the mix tu re being subsoi l . 
4 . Very severe e ros ion . F r e q u e n t gul-
l i e s , too deep to c ro s s with f a r m implements 
( less than 100 feet apa r t ) . Very seve re sheet 
e ros ion that has pene t ra ted into pa ren t m a -
t e r i a l m a y a l so be included in this group. 
5. Des t royed land. Very frequent or 
la rge gul l ies . Des t royed for gene ra l a g r i -
cu l tura l pu rposes . Over 75% of the de l ine-
ated a r e a in gul l ies . 
E ros ion by sheet wash and by gullying or 
channel flow were mapped sepa ra te ly during the 
course of the conservat ion survey . Deposit ion 
Table 8 
Average Land Use, Carbondale and Makanda Townships , 
Jackson County, I l l inois , 1938-1947 a 
I t ems 1938 1933 1940 1941 1942 1943 1944 1945 1946 1947b 
Acres per fa rm 92 87 94 97 96 101 109 101 104 
P e r cent of f a rm ti l lable 72 75 71 58 60 60 60 58 57 
P e r cent t i l lable land in: 
Corn 15 13 14 18 16 17 19 14 24 21 
Soybeans and cowpeas 7 8 10 13 12 13 10 8 8 10 
Smal l g r a i n s 8 8 6 11 10 7 11 11 12 8 
Hay and pas tu re 42 47 44 37 44 46 41 33 34 35 
Other and idle 28 24 26 21 18 17 19 34 22 26 
a . Based on a s s e s s o r ' s ac reage census . 
b . P r e l i m i n a r y data . 
Figure 18. Per cent of eros ion c l a s s e s 
in watershed. 
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on flood p la ins and in channels was a l s o iden t i -
fied. 
Ca lcu la t ions on so i l r e m o v a l by deep gul ly-
ing on the w a t e r s h e d show tha t only 9 .2 a c r e -
feet of s i l t have been produced in t h i s m a n n e r . 
S imi l a r ca lcu la t ions show that 12.5 a c r e - f e e t of 
soi l have been deposi ted in the channels and on 
s m a l l flood pla ins above the r e s e r v o i r . I t is 
fur ther e s t i m a t e d tha t m o r e than 500 a c r e - f e e t 
of soil have been r emoved f rom the wa te r shed 
by sheet e ro s ion and shal low gullying. 
F r o m t h e s e m e a s u r e m e n t s i t i s e s t ima t ed 
tha t ove r 90 p e r cent of the e roded m a t e r i a l h a s 
come f rom shee t e ro s ion . Wa te r shed t r e a t m e n t 
for reduc t ion of the r a t e of sed imenta t ion m u s t 
t h e r e f o r e be concen t r a t ed on the a r e a s subject 
to s e v e r e shee t e ro s ion and used as cropland or 
idle land p rev ious ly cropped. 
F i g u r e 18 shows the pe rcen tage of the v a r i -
ous e ros ion c l a s s e s in the w a t e r s h e d . The d i s -
t r ibu t ion of t he se e ro s ion g roups in each slope 
c l a s s i s given in Table 10. The g r e a t e s t quan-
t i ty of s e v e r e e ro s ion is found on D, E, and F 
s lopes ranging from 7 to 30 per cent . 
Table 9 p r e s e n t s the d is t r ibu t ion of e ros ion 
groups in each land use c l a s s . Only 82 a c r e s of 
cropland a r e subjected to no appa ren t e ros ion , 
2 1 4 a c r e s a r e subject t o sl ight t o m o d e r a t e e r o -
sion, 152 a c r e s a r e subjec t to m o d e r a t e l y s e -
v e r e e ro s ion and 249 a c r e s a r e subjec t to s e v e r e 
e ro s ion . Over one half the w a t e r s h e d , 935 a c r e s , 
i s subject t o m o d e r a t e l y s e v e r e and s e v e r e e r o -
sion. Of t h i s , 401 a c r e s a r e in cropland and 
228 a c r e s a r e id le . A high p ropor t ion of the s i l t 
has come f rom th is l a t t e r a r e a . 
Table 10 shows the d is t r ibu t ion of e ros ion 
groups in each slope c l a s s . I t is evident that 
s e v e r e e r o s i o n has o c c u r r e d p r inc ipa l ly on C, 
D, and E slope g roups . Thus the extent of e r o -
sion i s c o r r e l a t e d with s lope , p a r t i c u l a r l y in the 
case of c ropland . 
SOIL CONSERVATION 
Application of so i l conserva t ion p r a c t i c e s 
is needed on a l l cul t iva ted , p a s t u r e and wood-
land of th is w a t e r s h e d to achieve m a x i m u m r e -
duction of e ros ion and sedimenta t ion . 
One of the m a j o r needs on the w a t e r s h e d is 
land use ad jus tment . Two hundred fifty a c r e s 
of land now cropped a r e so s teep and e roded as 
to be c l a s s e d in land c l a s s e s VI and VII. Th i s 
land should be shifted to pa s tu r e and woods . T h i s 
is a l so t r ue of 200 a c r e s of idle land in the s a m e 
land capabi l i ty c l a s s e s . These 450 a c r e s now 
cropped or idle account for a l a rge p ro po r t i on 
of the e r o s i o n . By so i l t r e a t m e n t , seeding p a s -
t u r e m i x t u r e s , con t ro l l ed g raz ing on the p a s t u r e 
land, planting su i t ab le t r e e s and providing p r o -
tec t ion aga ins t f i r e s and grazing on the woodland, 
e ro s ion can be r e d u c e d to a negl igible quant i ty . 
In t u r n , 170 a c r e s of idle land in c l a s s e s II, III, 
and IV m a y be used for cropland with p r o p e r 
r o t a t i o n s , soi l t r e a t m e n t and contour f a r m i n g , 
g r a s s wa te rways and t e r r a c i n g . At p r e s e n t the re 
i s v e r y l imi ted use of contour fa rming , t e r r a c -
ing and other suppor t ing conserva t ion p r a c t i c e s 
on the c ropland of the wa te r shed . 
Applicat ion of s lope and p r a c t i c e l i m i t a -
t ions 1 0 to the w a t e r s h e d as indicated by the 1947 
s u r v e y s and the l and use h i s t o r y s ince 1938, 
shows an ave rage annual soi l loss by e r o s i o n of 
21 ,242 tons f rom the wa te r shed . (Table 11.) 
After needed land use changes , d e s c r i b e d 
above, a r e made and an intensive conse rva t ion 
p r o g r a m i s applied to the cropland s i m i l a r com-
putat ions by slope and p rac t i ce l imi ta t ions show 
that e ro s ion l o s s e s m a y be reduced to 1750 tons 
or about one a c r e - f o o t annually for the en t i r e 
w a t e r s h e d . (Table 12 . ) The appl ica t ion of the 
above m e a s u r e s would thus reduce the so i l l o s s 
f rom the w a t e r s h e d by m o r e than 90 p e r cent . 
To achieve the above r e s u l t s a l l c rop land 
in land c l a s s e s II, III, and IV would r e q u i r e con-
tour f a rming and t e r r a c i n g . Rota t ions with l eg -
u m e s and g r a s s e s on 50% of the c l a s s II and III 
land and 75% of the c l a s s IV land would a l s o be 
r e q u i r e d . 
In addit ion, p a s t u r e land would r e c e i v e n e e d -
ed soi l t r e a t m e n t and control led g r a z i n g , and 
woodland would be p ro tec ted . Contro l of ac t ive 
gully heads by sod, t r e e planting, and gully con-
t r o l s t r u c t u r e s would a l so be r equ i r ed . 
It should be noted from Tab les 9 and 10 
that appl icat ion of the conserva t ion p r o g r a m d e -
s c r i b e d above would reduce to ta l c rop land by 
only 21 a c r e s and i n c r e a s e p a s t u r e land by 283 
a c r e s and woodland by 118 a c r e s . Use of idle 
land would account for a l a rge p a r t of t h i s in -
c r e a s e . 
10. Van Doren , C. A. and Klingebiel , A. A. , 
Slope and P r a c t i c e L i m i t a t i o n s f o r I l l inois 
(mimeographed) . 
Table 9 
Distribution of Erosion Groups in Each Land Use Class 
Carbondale Reservoir Watershed 
Table 10 
Distribution of Erosion Groups in Each Slope Class 
Carbondale Reservoir Watershed 
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Technica l a s s i s t a n c e to landowners and op-
e r a t o r s on the wa te r shed in applying the conse r -
vation p r o g r a m is available through the Jackson 
County Soil Conserva t ion Di s t r i c t es tab l i shed in 
1944. Paymen t s which would a s s i s t in applying 
conservat ion p r ac t i c e s a r e a l so avai lable through 
the Product ion and Market ing Adminis t ra t ion . 
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Table 11 
Soil L o s s e s without Conservation Program 
Present Condition of Watershed 
Table 12 
Soil L o s s e s with Conservation Program 
REMEDIAL MEASURES 
Prac t i cab i l i t y 
This sedimentat ion su rvey r evea l s that C a r -
bondale R e s e r v o i r is losing capaci ty at a ra te of 
0 .63 per cent per yea r , which is not cons idered 
exorbi tant . The hydrologic study of ra infal l and 
run-off in the a r ea shows that the r e s e r v o i r was 
adequately des igned as r e g a r d s sedimenta t ion . 
The tota l capacity of the r e s e r v o i r was jus t ade -
quate to furnish the needs of the c i ty at the t ime 
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of cons t ruc t ion . It h a s a l r eady been proven (in 
1940-1941) that i nc reas ing wate r supply needs 
a r e so g rea t that a l r e a d y the r e s e r v o i r i s inade-
quate to furnish the needs of the city during a 
prolonged drought. This inadequacy mus t be 
a t t r ibu ted not d i rec t ly to the sedimentat ion in 
the r e s e r v o i r , but a l so to inadequate tota l s t o r -
age. 
The need for enlarging the p r e s e n t s torage 
faci l i t ies or finding a new source of water sup-
ply is of concern to the city. To accompl i sh th i s , 
cons idera t ion might be given to ra i s ing the dam 
or developing another re l iab le water sou rce . The 
re la t ive feasibil i ty of these m e a s u r e s can be d e -
t e r m i n e d only by a thorough engineer ing inves t i -
gation. 
The provis ion of a water supply adequate to 
mee t the en t i re needs of the growing city is a 
requ is i t e for the n o r m a l economic development 
of the city. A city with a l imi ted water supply 
is a ci ty of l imited growth. The p r e sen t a r r a n g e -
ment whereby Crab Orchard Lake is used as an 
e m e r g e n c y supply for Carbondale appea r s s a t i s -
factory for the t ime being. Inc reas ing indus t r ia l 
development in the Crab Orchard a r e a , however, 
will lead to i n c r e a s e d indus t r ia l pumpage from 
Crab O r c h a r d Lake . During the c r i t i c a l per iod 
of drought , the C r a b Orchard supply itself may 
be g rea t ly needed by o thers at the exact t ime 
that Carbondale might expect to take water f rom 
this lake . 
The volume of water in C r a b Orchard Lake 
which can be guaranteed to be avai lable for in-
dus t r i a l use during the drought pe r iods is c e r -
tainly l e s sened by the dependence of the City of 
Carbondale on this lake. This fact would natu-
ra l ly lead the lake au thor i t ies to d iscourage use 
of this lake by the city so that indus t r i a l expan-
sion can be encouraged. The i n c r e a s e in indus-
t ry located in the Crab Orchard a r e a would tend 
to i n c r e a s e the population of Carbondale as more 
people moved into the region. Thus the water 
supply situation in the ent i re region is i n t e r -
connected and is an impor tan t factor in d e t e r -
mining the economic development of the region. 
If a water supply sufficient to mee t the i n c r e a s -
ing needs of the City of Carbondale could be 
developed independent of Crab Orchard Lake, it 
would be a fu r the r s tep ahead in the development 
of both the city and the ent i re region. The p r o -
tection and improvement of the e s sen t i a l public 
ut i l i t ies of the a r e a , including the water supply, 
demand the highest of civic r e spons ib i l i t i e s . 
Successful public ownership of such ut i l i t ies is 
contingent upon the recognit ion of this fact by 
public officials, the acceptance of r e spons ib i l i -
ty for needed ac t ions , and the o r d e r l y develop-
ment of the r e s o u r c e s of the a r e a in accordance 
with a long-range plan. 
Rais ing the Dam 
One of the f i r s t m e a s u r e s usual ly cons idered 
when i t becomes n e c e s s a r y to provide additional 
r e s e r v o i r s torage space is the ra i s ing of the 
p r e s e n t dam and spil lway. In many c a s e s such 
action can provide the additional s torage n e c e s -
s a r y to postpone the water shor tage . At C a r -
bondale a water shor tage has a l r eady o c c u r r e d 
and can be expected to occur in g r e a t e r s eve r i t y 
a t any t i m e . The inc reased s torage n e c e s s a r y 
is g r e a t e r than can be provided by a r a i s e in the 
spi l lway. In addition, the adequacy of the p r e s -
ent dra inage to supply a l a r g e r r e s e r v o i r is ve ry 
ques t ionable , s ince the p r e s e n t r e s e r v o i r i s b e -
low c r e s t much of the yea r . The water levels 
shown in F igure 12 i l lus t ra te that spillage occu r s 
v e r y infrequently even a t p r e sen t spillway e l e -
vation. 
Other Poss ib le R e s e r v o i r Sites 
Two new r e s e r v o i r s i t e s can be cons ide red 
for use by Carbondale . The f i r s t of these is that 
of Indian Creek as shown in F igu re 19. A dam 
cons t ruc ted a c r o s s Indian Creek n e a r i ts conflu-
ence with Drury Creek could produce a lake with 
a sur face a r e a of 525 a c r e s at an elevation of 
420 feet, or 323 a c r e s at 410 feet. This lake 
would have a dra inage a r e a of 10.07 square m i l e s 
and a volume of 2690 a c r e - f e e t or 880 mi l l ion 
gal lons . The C/W ra t io of 267 is highly s a t i s -
factory. (In addition to i t s use as a water sup-
ply, th is lake might be profitably used for r e c -
rea t iona l purposes . ) Average prec ip i ta t ion with 
30 pe r cent run-off would fill the lake 2 1/2 t i m e s 
each y e a r , and the min imum prec ip i ta t ion 1. 6 
t i m e s pe r year . The capacity i s a lmos t two 
t i m e s the or iginal volume of the p r e sen t Lake 
Carbondale , and the surface a r e a m o r e than two 
t i m e s the p r e sen t lake. 
Two ways could be used to br ing wate r into 
the f i l ter plant: 
1 . Pump water into P i les Creek r e s e r -
voir and allow it to go through the p r e s e n t 
pipel ine. 
2. Const ruct a new pipeline from Indian 
Creek to the plant. 
The es t ima ted cost of this r e s e r v o i r at p r e s -
ent p r i c e s i s roughly $340 ,000 . 
The second r e s e r v o i r site that can be con-
s ide red is that of Sycamore Creek which is a l so 
shown on F igure 19. A dam located as shown 
would produce a lake with a surface a r e a of 237 
a c r e s at an elevation of 420 feet. This lake 
would have a dra inage wa te r shed a r e a of 5. 55 
square mi l e s and a volume of 3, 160 a c r e - f e e t 
of 1033 mil l ion gal lons . The C/W ra t io of 570 
i s ve ry sa t i s fac tory . Average prec ip i ta t ion a t 
30% run-off would provide enough water to fill 
the r e s e r v o i r 1. 2 t imes per yea r . A m i n i m u m 
amount of precipi ta t ion would fill the r e s e r v o i r 
only 0. 8 t imes per yea r . This would be a d i s -
advantage for this si te inasmuch as the lake ca -
paci ty would be too la rge for the s ize of the 
dra inage a r e a . This water could be brought d i -
rec t ly into Carbondale , or a line could be laid 
to connect to the one that is laid to Crab O r c h a r d 
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Figure 19. Possible reservoir sites in Carbondale area. 
28 
Lake . The e s t ima ted cost of th is r e s e r v o i r at 
p r e sen t p r i c e s i s roughly $398 ,000 . 
Dredging 
Some r e s e r v o i r owners have r e s o r t e d to 
dredging to r e s t o r e r e s e r v o i r capacity lost by 
sedimenta t ion. The two l imiting factors in this 
method a r e the cost and the d isposa l of dredged 
m a t e r i a l . In the pas t , dredging has compared 
unfavorably financially to other methods of p r o -
viding s to rage space . Dredging has proved e c o -
nomica l only where la rge shallow a r e a s appear 
in lakes with very high r e c r e a t i o n a l and es the t ic 
va lues . At Carbondale i t is bel ieved other r e -
med ia l m e a s u r e s would be m o r e appl icable . 
Other M e a s u r e s 
Severa l impor tan t supplementa ry m e a s u r e s 
for control of sedimentat ion a r e d i scussed in 
Misce l laneous Publicat ion No. 521 of the U. S. 
Depar tment of Agr icul ture ent i t led, "The Con-
t ro l of R e s e r v o i r S i l t ing ." Sediment ba s in s , 
vegetat ive s c r e e n s and other m e a s u r e s a r e d i s -
cussed . This publication can furnish much valu-
able help to r e s e r v o i r owners faced with a sed i -
mentat ion p rob lem. 
Wate rshed T r e a t m e n t P r o g r a m 
The ra te of sedimenta t ion can be reduced by 
an e s t ima ted 90 per cent as outlined in a p r e -
ceding sect ion and shown in Tables 11 and 12. 
The ins ta l la t ion of these wa te r shed t r e a t m e n t 
m e a s u r e s a t p r e sen t will not ma te r i a l l y reduce 
the h a z a r d of a water shor tage at Carbondale 
since the shor tage is imminent now. Although 
this p r o g r a m will not g rea t ly a l levia te the water 
supply p rob lem, i t is highly impor tan t f rom the 
standpoint of p r e s e r v a t i o n of the p re sen t r e s e r -
voir . No m a t t e r what addit ional provis ions a r e 
made t o r water supply, i t is probable that the 
p r e s e n t r e s e r v o i r will continue in use as the 
major source of supply. The stopping of sed i -
ment in this manne r , a t the ve ry source , is usu-
ally m o r e economical than dredging or the d e -
velopment of addit ional so rage . 
A p r o g r a m of wa te r shed protect ion could be 
just if ied at p r e sen t for the purpose of extending 
the per iod that Carbondale R e s e r v o i r can con-
tinue to be used in conjunction with other s to rage . 
The control of the wa te r shed a r e a above a 
munic ipa l water supply is cons idered so i m p o r -
tant in many p a r t s of the country that the munic i -
pali ty p u r c h a s e s the en t i re dra inage basin. The 
land is leased to pr iva te p a r t i e s for ag r i cu l tu ra l 
use under the t e r m s of the municipal i ty in o r d e r 
that excess ive soil loss is avoided. The ope r a -
11.   LaDue, W. R. , R e s e r v o i r Lands Pay 
Thei r Way - Balanced Use of R e s e r v o i r Lands . 
Journa l Amer i can Wate rworks A s s o c i a t i o n , 
August, 1948. 
tion of such lands by the city is n o r m a l l y prof i -
table in i tself in addition to saving the soi l . Such 
m e a s u r e s may not be n e c e s s a r y a t Carbondale 
but should definitely be cons idered . P e r h a p s 
the pu rchase of only the mos t c r i t i c a l a r e a s 
would be n e c e s s a r y . The city could furnish f i -
nancial aid to the pr iva te f a r m e r s in e s t a b l i s h -
ing conserva t ion and so i l - sav ing m e a s u r e s on 
the land. This i t em of wa te r shed protec t ion 
should be given cons idera t ion not only in p r o t e c -
tion of the p r e s e n t Carbondale R e s e r v o i r but in 
consider ing new r e s e r v o i r deve lopments . The 
i t ems for wa t e r shed lands and protec t ion should 
be cons idered as a pa r t of the r e s e r v o i r cos t . 
The p u r c h a s e , ownership and operat ion of such 
wa te r shed lands is cons idered a rightful field of 
act ivi ty of munic ipa l i t i es in pro tec t ing public 
inves tments in r e s e r v o i r s . 
COSTS AND BENEFITS OF CONSERVATION 
Conserva t ion needs in th is wa te r shed in-
clude fer t i l i ty improvement , l and-use adjus t -
ment , ro ta t ions using l a r g e r a c r e a g e s of adapted 
legume - g r a s s m i x t u r e s , and e ros ion cont ro l 
p r a c t i c e s . The product ivi ty level and the e a r n -
ings of f a r m s a r e compara t ive ly low unless a 
soil conservat ion and fer t i l i ty improvement p r o -
g r a m is applied. At the p r e sen t t ime , approx i -
mate ly 400 a c r e s of the 1,837 a c r e s in the w a t e r -
shed a r e c l a s sed as idle land. The remain ing 
ac reage in cropland, p a s t u r e , and woods is p r o -
ducing at only about one-half of i ts poss ib i l i t i e s . 
While s tudies of the cos ts and benefits of 
conservat ion have not been made in this i m m e -
diate a r e a , r e su l t s of s tudies in Jefferson County, 
I l l inois , and in Madison and St. Cla i r Count ies , 
I l l inois , a r e appl icable . The study of cos t s and 
benefits of conservat ion in Jefferson County 
shows the poss ib i l i t i e s of inc reas ing f a rm p r o -
duction and ea rn ings by use of a soil c o n s e r v a -
tion p r o g r a m . In a compar i son of f a rms with a 
high propor t ion of conserva t ion applied and f a r m s 
with l i t t le or no conserva t ion , it was found that 
f a r m s with high conservat ion had a h igher p r o -
portion of the i r ac reage in corn and soybeans , 
smal l g r a i n s , and legume hay and rota t ion p a s -
ture and had l e s s cropland idle . They a l so had 
l a rge r a c r e a g e s of product ive pe rmanen t p a s -
tu re and had a t i m b e r improvement p r o g r a m 
under way which would lead to m o r e product ive 
t imber product ion. 
The study of cos t s and benefi ts of conse rva -
tion in Jef ferson County showed the average cos t s 
of applying a conservat ion p r o g r a m to be $22.63 
per a c r e of the tota l fa rm (based on 1945 cos t s ) . 
The h igh-conserva t ion f a r m s spent 10 per cent 
of the i r g ro s s income for conservat ion . The 
lower level of soi l fer t i l i ty in this a r e a made the 
needs for l imes tone , phosphate , and f e r t i l i ze r 
g r e a t e r in th is a r e a than in some other a r e a s of 
the s t a t e . However , this soi l fer t i l i ty t r e a t m e n t 
plus the use or p r ac t i c e s such as contouring, t e r -
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r ac ing , g r a s s wa te rways , d r a inage , e t c . , r e -
sul ted in much higher c rop y ie lds . On some 
f a r m s yields of g ra in and hay c rops were m o r e 
than doubled and pa s tu r e product ion was in-
c r e a s e d four to five t imes over that exis t ing b e -
fore the p r o g r a m was adopted. L ives tock p r o -
duction in t e r m s of m e a t and mi lk produced was 
a l so grea t ly i n c r e a s e d . The ave rage net f a rm 
income was $ 7 . 83 an ac re a yea r h igher on the 
h igh-conse rva t ion f a r m s in Jef ferson County. 
The si l t loam so i l s , which a r e p redominant 
in the Carbondale R e s e r v o i r wa te r shed , a r e 
probably m o r e product ive than the Jefferson 
County so i l s . These soi ls a r e good hay and p a s -
t u r e soi ls and give good r e sponse to soi l t r e a t -
ment . While the cos t s of a conserva t ion p r o -
g r a m in this a r e a would be s i m i l a r to those in 
Jefferson County, the benefits f rom c o n s e r v a -
tion would be g r e a t e r . Some case example f a r m s 
n e a r the Carbondale R e s e r v o i r wa t e r shed on 
soi ls s im i l a r to those in the wa te r shed se rve to 
i l l u s t r a t e the poss ib le r e t u r n s f rom p a s t u r e s on 
f a r m s following a complete conserva t ion p r o -
g r a m : F a r m A is producing 429 pounds of beef 
pe r a c r e on a l fa l fa -brome g r a s s ; F a r m B had 
r e t u r n s of $ 6 3 . 57 per a c r e of a l fa l fa -brome 
g r a s s fed da i ry ca t t l e , while F a r m C had r e -
t u r n s of $62.96 per a c r e of ladino c l o v e r - b r o m e 
g r a s s fed da i ry cat t le (value of g ra in fed was d e -
ducted in computing these r e t u r n s f rom da i ry 
catt le on pas tu r e ) . 
Nine y e a r s of r e c o r d s on physica l ly com-
parab le high - and - low - conserva t ion f a r m s in 
Madison - St. Cla i r Counties show that high-
conservat ion f a r m s had higher c rop y ie lds , high-
er r e t u r n s pe r $100 feed fed to l ives tock, and 
had net incomes averaging $ 5 . 6 1 pe r a c r e per 
year m o r e as a r e su l t of the conserva t ion p r o -
g r a m . 
Cost of a Wate rshed P r o g r a m 
Low fa rm ea rn ings and a lack of capi ta l for 
init iat ing conserva t ion a r e major fac tors l imi t -
ing the adoption of conservat ion in the Carbon-
dale r e s e r v o i r wa te r shed . Using the ave rage 
cost of $22.63 per a c r e to e s t ab l i sh a c o n s e r v a -
tion p r o g r a m in Jefferson County, it would cost 
$33,108 to e s t ab l i sh a conservat ion p r o g r a m on 
the 1,463 a c r e s in the Carbondale R e s e r v o i r 
wa te r shed in cropland and p a s t u r e . Using the 
benefi ts of a conservat ion p r o g r a m of $7 .83 an 
a c r e from the Jefferson County a r e a (cos t s and 
benefi ts taken for the y e a r 1945; the benefi ts 
a r e conservat ive for the Carbondale a r e a ) , four 
y e a r s of the i n c r e a s e d income would pay the 
complete costs of es tab l i sh ing the p r o g r a m plus 
i n t e r e s t cha rges that might be n e c e s s a r y on capi -
t a l bor rowed to finance such a p r o g r a m . O b s e r -
vat ions indicate that i t might take two to four 
y e a r s from the t ime a conserva t ion p r o g r a m was 
s t a r t e d to achieve the i n c r e a s e d income from 
such a p r o g r a m . Thus , at 1945 cos t s and farm 
p r i c e s the cost of es tab l i sh ing a comple te con-
se rva t ion p r o g r a m could be paid in a pe r iod of 
s ix to eight y e a r s . In addit ion, the capi ta l r e -
s o u r c e s of the f a rm would be not only main ta ined 
but built up, and the f a r m would be producing at 
a profi table level . 
RECOMMENDATIONS 
It is r ecommended that the City of Carbon-
dale make provis ions now for an adequate muni -
cipal water supply independent of Crab O r c h a r d 
Lake in o rde r that the n o r m a l i n d u s t r i a l and 
economic development of the city and reg ion can 
p roceed without h indrance . 
It is r ecommended that the City of Carbon-
dale sponsor immedia te ly the development of a 
soi l and water conserva t ion p r o g r a m on Carbon-
dale R e s e r v o i r wa t e r shed in o r d e r to prolong 
the ul t imate life of th is r e s e r v o i r and the length 
of t ime it can be used as p a r t of the public sup-
ply. This p r o g r a m should be c a r r i e d out in co-
opera t ion with the Jackson County Soil C o n s e r -
vation Dis t r i c t and other a g r i c u l t u r a l agencies 
and in accordance with the foregoing r e p o r t . 
It is r ecommended that the City of Carbon-
dale purchase the w a t e r s h e d a r e a s which a re 
c r i t i c a l to e ros ion cont ro l or e l se a s s u m e the 
ma jo r financial r espons ib i l i ty in the appl icat ion 
of the needed conserva t ion m e a s u r e s to these 
a r e a s . In the la t ter c a s e , f inancial a s s i s t a n c e 
to p r e sen t landowners would be contingent upon 
the landowners a g r e e m e n t to main ta in such con-
se rva t ion m e a s u r e s . 
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